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m6 ceil-^urface pfoiehiSo We disclose ih^ mn^tmctlon of recombloas^l stmij>$. of the ymmt Sawkammy^es ^mmisme which over> 
produce mther imoian PDI or yeast PDl in a regulated fashloa, Tl\mt ^trakr^ show greatly increased secretion of disiiinde 
feO!^d$d proteisi.^ of potejitml tbempeatic ^signsficasjc^?. Hi^^se stmms havs the p^>t#^li^al to mcr^ase pmductson of varioiis disul- 
fide boadsd gjs^oteins. 
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and dediieed open r^adiB|, frame of t&e closed gene 
predicts a 530 amino acid groteixi of moleeuiar weigiit 
59,082 and pi of 4.1, physical properties 
cfea:rac%eristi<: of minimal ian FBIa . ^?^^:rth^rmori© , the 
amino acid segt^enca afeowE 30-32% ideHtxfey a;nd S3-S6% 
similarity witli mammal ia^ aM avian P32X aeg^ueiioef a^d 
iias a ^erj sfimilar overall organiJ;atioB, namely t&e 
presence of two 100 residxie segments, eacfe of whicfe 
is repeated, ^ith %im mo^t aig?xifieanfe lioisolpgies to 
maMEalian and ^yian FDXs belpg in the regions (a, a^> 
that contain tfee ooxiaerved ^^thioredo^in-like^^ active 
site> The M-terminal region feas tfee chara<:^t eristics 
of a oleavafeie secretory signal satuemee atid 
G-tfxit^inal fo^r amino acld^ (^H33ELJ<SEC|-IP.i?0< 
are cotisis^tsnl: with the j^roteiB being a compone^it of 
£< j5^^£^mM^ endoplasmic retietsliam CE.R<>, 
Tranaforpants carrying multiple copi^B o£ thiB geBe 
(designated IMl) bave lO-^fold liigker level g of mi 
activity and oveirescgress a protein of tM predicted 
molecuiat weight. The gene mif^e in the 

encodes a single l.Skb transcript 



2> 



yeast genome 

tfeat ie not fotjiid in ^tatioiiary p&a^e cell^^ tioj? 1 

Biartjptidn of the EBll gene ia 



it heat;-indtici 
hapio-^letlM 



e 

< 



ing that th^ prodtact oz this gene 



for viability. 
Frpteln disulfide^ (PDI)> an enzyme 

^bioh cataly;ses tMol ; dianlf ide interchaBge 
reactioBe ia a majqx resident protein cpmponent of 
the it^men in secretory cells , A body of 

evidence on the en^^yme^e eelltilat diist^ibntion^ its 
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Sttgissts that it pistys a role i» secxstoJ^y |>£otein 
bipsyBtfeesis (Fxeeilmaii, 19^*, Trends Biochets* Sei. 

^38-4i> and thiB is stipisorte^ fey <iirect 
ct;osB-ii3aking ^tjadiag MM MJssi (Hptli and Pierce, X9B7, 
Bioehemi0txy> • 4179->82) . Tfae f inding ijSjat; 



siicxosomal isemissranes def Icietit iti I^DI sfeow a specific 
defect iti cotraasiationai protein disuifid® formation 

(Buileid aiid Freedmap, 1988, Hatiire, Ii2&, |>p.649--51) 
iinpliesi that the enzyme fMact^iOBS a catalyst of 
native distilf iie feOBci format iOB dtaring fche 
bipsyBthesis of secretory and cell surf ace proteipa < 
Tikis role is eo^si stent witli what is too^ of the 
Buzw^^-^ catalytic properties in sifcsii; it catalyzer 
tliiol : di^tilfide teterckaBg^ reaetionss leading to 
iroteim dia^lfid^ f oi?mattian, breakage or 
ia0S[^eri^atioB> ani cai> cataXy^e^e pxotaiB f ol^ltig and 
the formation of nati-v^e dlEi^jlf ide feond^ in a wide 
variety of redtxced > t:&:^ifoMed protein 0u&st?:ate^ 
Cf:r eedpan jlL< > If 89 * B iochem . Soc , Symp>j 
gp. 167-192) . The ©HA and amiiio acid ^ecnienc^ of 
etiayme is know^a for several Bpecie$ (Setet:ens^ B - ^ 



1991, Yeast, 2, pp> 185-193; 



1991 > 0ej:i^, 1M> |^p. 81-^89) and thare 
ixic^xeasiag i^f omation on the meohartiBm of action of 
the enzyme gtj^if ied to homogeBeity f rom maim 
liver (ereighton. Al< , ISSS* J. Mol. Bicl<> i4E.> 
pp . 43-62 i Freedmai^ Efc * 198S , Biochem* Soe . 
TtmiB\, 16, gp;9&--9; Silhert, 1989, Bi 
gp . 7 2 30 5 ; Ltind^ t r and Holmg r 
Cfeem > ^ Ml * pp > 911#-f 120 ; Ea^ins 




i s t ry 2g; , 

freBdmaB^ 199 Q 
mai5y prdteiti 



f acfcots currently xiEplicated as mediatox^ of protein 
foidiiig. assembly and tmssXocation in tlx^ cell 
(Eothimaa, 1989 , Cell li, pp .S9l«-601) , FBI is mtJ^ml 
IB lia^ixig a itsBd catalytic acitivity. 

PDI is readily isolated from manimaliaB 
ti^^tses and the tiomogeixeOBg easssrme ii^ a liomodimex (2 
X 57 M)) with character iat icaily ac^ (4 -0-4.55 

<Hxll0Oii m M^. ^ 1984. Hatl:tods Ex^^ymol . , MI, 
^^.ZBl-t^zy . The Buzyim hm also b^en f t^om 

^keat and f r om tfee aXga SMMisMfflisss^ x^MMxiM 
CEaB*:a mi. &X-> 1990 Biochem. J< 1M> PP- 6 ) . The 
activity haa been detected i& a wide ^ari^ty of 
soaxce^, and in a preliminary r FBI acfeimty 

waB clMmed to &^ detectabl?^ iu &M:S:§Mi&iMM. 
(Williams m:Mi^> 1963, i*EBS Letts., 2, pp .133-135 )v 
Eecentiy y tfae complete amino acid se^taence^ of a 
Bt?mber of EBl^ lia^e hmm ^^poxted, largely derived 
f rom cloned cDiSA ^egiaeace^ ; these iiieliade tfee PBIs 
f rom rat (Idman g;^ ^ i9SS^ lature ^ JIZ* 
l>p .2&7^270) feoyin^ (XamaBclii at^ 1987 ,: Bioeli^m* 

Biopliys < Res . Comm. , 1M> pp. 1485-1492) Mmati 
CPiMajani^i ^ , 1987. SMBO J., j6, pp. 643-9), 
yeast (Seberens , , ^upxa> Far^tilia^v ^ 

Bi ocham . ^ . , £M * PP ^ 1005-1011 > . !r&e pro t e ins from 
tliege v^ertebrate sp^cl^s sMo"^ a high degree of 
g^gtience consiermtioB tlxrQuglioiit aad all siiow several 
overall features first noted iix tiae rat FBI gsegtsence 
CEdman ^* i98S augra ) . T&e most aignif icant m 
ttoe pr essence witMa tb^^ FBI ^egia^pce of two regions 
of approatimateiy 100 residues atrongly hoiiK$logcm^ to 




each otlier and closely related in g^fuence to 
tbioiredo:scin, a aaall redox active-protein cont^iniiig 



between "^j^icinal Gj:b XMstdueB . In thiored03s:iii 
active ^ite Eeg^eac^ is WCSPGK (SEQ.IB,IIO. ^ 3), 
whereas tne ca^^ region^ foun^ t^lce xn 

hm the aeqtience WSGHGS: (SEQ. IP.KO> : 1) . (Other 
repeats , motif and homolpgias Identified witliii^i. 

related to BSI lia^e been identified in work aimed at 
analyaina: functions dtfcer ttian disulfide feOBd 
foxisetion^ For e:s:am|>le^ there is clear-^ctit ev^i4ei:5:Ce 
tfe^t FBI act ^ as tiie B sislmaits of th^ tet^a^eria 
a^Bo enzyme pr0ly^l--4-:hydxo:^laBe^^^ ^hich cataly^e^ a 
major past--tx ansi at ipt^^^^X mo4if icatioii of nascent ot 
Bewly-^ynthe0i:^e<l pxocoilagfii poly^j^eptides wit&iB 



>imi Et. 



S . (PiiiXajaniemi si; ^ , 1987, ^npxa; 
1987, J > Biol , Chem. , MZ > pp < 6447-49 ) ) . Tbare is 
also evidence snggaating tJ^at BDl participates in 
system f or cotraaslatiotial IJ-glycos^yiation 
<0eetha--Safeib > If Sa* Cell, pp> 63-68) 

ly the propos^al iias been made that tli^ efi^>"me 
^ticij^ates .in the complex which transfers 
triglyceride to nascent aectetQry Xigoprot^ili^ 
(Wetterau ^ 1990, J > Biol t Ghem< > 

pp> f 80Q-7> , Tiitis, FBI may be iimltifnnetional in the 
CO- and f o^t-tran^latioHal modification of secretory 
proteins (Freedmaa, 1989 » CbII * S7 > v1069--72 > . 

vaet majority of js^mmalian secure 
XX mtiltxpie intramolecttlar atid/or 



'^^^ 

iixtei:mol0C%^lar di sulf ide boad^ . E^am^lea inclt^d^ * 
bBt are BOt limited to> pituit^r^ hormones, 

xBliiMtpxs aixd olrixer Bi^r^m proteins > Swli proteins 
me among tlie prime targets for comr^ercial genetic 
engmeexing, hut B^tlf expexietiee in theiir axpfre^^xon 

feacteria and yea^t haa bigfelighted a xtHmbex of 
problems in ohta^iiiing them an f x^xictioxially active 
xBCombinmA products. Wii^ iim drawn ^itt^iition to 
the xi^ed for a better iJB^er^tandipg of 
pO0t-traii^lational liiodifi cations in geiierai^ aiid of 
proteixi folding and disulfide boB<! formation in 
part ietiXar . 

Big^lf ida feoMJed proteins eomprl^ixig a 
^inglB folded domain can* in general > be fully 
redmoed aBd deaat^srad apd s^ab^eg^m^jrfeX^f^ r^natured Jji 
3?lJtm to g^ner^te tfee cprreotly dif mif ide-linked 
state in rea^ot^able yi eld * "Sh^- process imrol\^eB 
rapid formation of a mxx^d pop^latioi^ of maiiy 
dif f er^Btiy disuif ide bonded f oxms wliioli ^lowl^r 
Isomer i^e to glue tfae native disulfide paij^img* Tlie 
pro^a^^s is catalysed by tMol /dist^lf ide xb^q^ imStmts 
(e.g. QSM and GSS0) and hf alkaline pH* Low proteiti 
contentratioiis axe raqiair^d to prevent pracipit.at ion 
and intei^^cfeain disulfide f oxmatio^Ei, Xss geBexal tiie 
rata p£ format ipn of tfee native proteinj axid the 
optimal obtaiiia&le yield,, botfe decrease aa the n\3tml>er 
of intramolecular disulfides increases. The problem 
10 comgoisnded In proteins containing tpiltiple 
disulfide bonded do^atn^ (e*g. tis^iife pla^minogeii 
aotivatdr) in which eacb domain mtit^t fold and form 
its native disulfide feopda independexitly* 



.w, if w.' 



15 



5S 



30 



:i±ES: oeourB co-'ttrniBlB^im^ly or as a early 
post-txanslatioiial evexit* Studies on tiaBcent a^ss^ 

tise R , in mainmalian ceils bIi^v ttiat native 
dlsiaif ide feonda axe already foxmed . The ptpCBBB in 
yiyo appeairs to be catalysed l>y fcb^ ea^y^me protein 
diBtjlf ide-i§omeras6 which is axx afcm^ant protein iu 
secxetoxy cells and is located at the itaminal f aee of 
the eadppla^pic retict^lta^ [Freedmatiy B>B. * 1984 > 
IxeMs IB Biochemical Scie^^ % , 4413, This 

enzyme is cataly^as thiol ^protein-dismlf ia^^^^ 

inter chamge react ions in a wide range of proteix^ 
B^batxateB ahd han the propextie^ regxiired of a 
cellular catal^Ht of native ptotBiti distil fide 

Trans . , 939-9423 . I\itther eyidg^ace for it^ role 
ineiiada < i ) that its tissue diatxifet^tion matches that 
of the syrithesi^ of disiilf ide hon.de d secretory 
protein^ [Btockway, B,Ex , 1980 > Bipchem> J. * 

l,gl., 873-8763, Cii) that Ib a mmfeei^ of sy 

the amonnt of ensyme preeant varies in p, 

l icai change in ;t 



a 



e of 



sia 



di^ijlf ide 



ed ^ecri^tory protein [Bx 



Bloc 
in 



Asp e<: t s mdB . A . La r a ^ ob , 
& B * Marmert?i^ , Ea^et:^^ Preaa 



J-^ Ills. 873-87 &; fraedmaiii R*B> ^ 

3:o2icicologioal h CliBical 
Or renins ^ A . HolHig r en 



Xo 



■■Hi'- 



> :J^v7 3* .^^^ 3^ ji* j 



aver , J-L, ^ M- * 1989 , FEBS Letters . m 



357-36^3 




The enzyme ix&s b^eri characterized xa a 
mmber of animal sources [Lambert , sxid Freedman, 
R.B. , 1983, Mockem, J., 213., 225~"2343 , an4 ip 

wheat X.de Asse-vedo , al- > 1?B3 > Bi«>:cliem. Soc , 

Tra,hs^, 12, 10431, ssid a Striking eoasetvatloa of 
mdleeitiar atiid i;isietic properties has been Boted 
[FreedmaB. K.B, ml < > l&M , BiocMm . Soc > Traxis . 

1984, Biocfeem J> , 211 * SI-S9]> Howe wr the ejxz^jmB 
hdiB BOt feeea thrpugiily et^died in lower atil^axyotee om 
in bacterids Etro^g homologies between yea^t aad 

higker ei^Js^aryoteB in the mechanisms and molee^lar 
com^onmntB involved in secretion atroiigly sisggest 
that the enzyme or an aBalogae present in yeast > 
giittee at iea^t some veast secretory proteins (e-g* 
hillBt %Qmin) contain dx^^lfida bonds* 

The application of yeast a^ a v-arsatiie host 
for the e^epxession of eojame^clallsr-^i 

mammaXiati pr ot e ins is comf r OEiised^ to some ext ent * by 
the limited capacity of the yeast ^ecretoiry ays tern 
and by some differ encea between it and t&at of higlier 
emkaryote^ C^-g^ i^ giyeoaylatiDn) > 

!rh^|. present invexitiop pro^id^s a twwl 
t>:£;OceBS fot^ the produotiom of ^iBuif Ide hox^ded 
proteiB^ in a reoombinaat host ceil pwrescpresf ing 
the en^ayme p-rotein dx sulf ide isomerase> and proyides 
recombinant wa^t eellB whicb overexpresa protein 
disiilf ide iaoMerasev The preseBt iwentioi^ alao 
nrovxdes recoxiJbimant yeast host cells which 
Stabs taxit iaily and uBexpectadly increase th^^ ^ga<^ret:ioh 
of a xecossthitiant disulf ide hOB^ed* aec^^eted protein* 




^^•gictB tlie Btrategy and shows results 
f or diarmption of tlxe jreagt EEIl gena ^ 
Banel Cls) bIi^^^ tlie resuifce fox tetxad 
ax^alTsi^ ot tfee Hi^^ AS3324 Bti^alB 
hetBrdgygQUJS f ox the p^ail : :HXS3 
disrupt ion. 



shows tkf 0tr^ctiire of pl^asmid 



shows 



also 



shows; tfea stmct^xe of the jjlasmM 

xllii^trat^a the gtructtare of piasmid 
pKH4oc2/AT$ » ^icfe %$ also knowxx 
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The process of protelB f oX4ii>s and secretion 
in yeast is yery complex:, tBvolvimg m0t« tJxan 30 gexije 



rodtsct^v b|tae4 on geiietic studies {WtmmuBoti ^ 

incltide peptidyl prolyl cia--tran0 i^omes^ 
IBI and atiier thioi:ed<:^xm-iite BiF> various 

molecHlax cliaperoneB <h^p7Q, fe^gfeO, B|:e*)> sigt^al 
peptidase, sigml i:ecogiaitip:ri protein tlie ^axioi^^ 
prpteiBB iBvolved in tranaiocatiom precursors into 
the E>llx > the variolas stx^ietiit^ai and functional 

f liae many proteins not yet characterized CFxati^uof f , 
Bl^'^^^ 1991* 0^ipra5 Hotbmax^* and Orel Lv > 

-415; 0e thing, M*0* atn# 

of thie c:ompla:?£ity> it wouM aeem -wmy nnlikely to 
ona oi ordinary ^fciil in tl3.e aset ttiat increasing the 
lei^eia of only one eoapOBamt (i>es FBI) wotxld &e 
likely to snbetantially imgtovm secxetioB of a 
garticaXar feetetologons pjcoteinv i^fe^refoxe^ the 
pte^eiat invention proi^iied wry iiiiex^ecttd rest^ilts? im 
that inoxea^ed le^^l^ of PBI alone c#t:i^ea a 
^ignif ieaBt and Eufestantial iiiexea^e in the lev^elB of 
secreted proteins * f ox example antii^ta^in > a 
phenomenon whicli lil;eiy to be i:elated to improved 
l^x o t e iB f o 1 d X ng aiid / o ^ a I sn if ide b ond f o r ma t i on ^ 

The present indention relates to a method 
for increasing ttie prodi^ctioxx of teeoiBhinant proteins 
fey recombinant host cells ^ by over?; 
ine nrotein disiilfi^e i^ofi^erase 



) . FBI as 



ixsed feer^iB refers to mi enzymB wliicii apecif xcally 
catalT^es tfce f ormation of intramolecul^x: and 
iBtar0iolecti lax di s^iilf lie bond^ < 

Tim DNA se^T^eBce of PBi genes from ^^irerai 
^pcseiea 10 known xxi tha art* These species inclt^ie 
but are m>t limted to, immati> bovl^^, rat, chicken 
and yeaM. [Himi:iaga ^t, iJ^,- > 1990 J. Biocliem.^ IM.* 
pp.a46--a5i; Scheren^ ^ll.v* 1991, Xeast> 1. 

Starting material for tili^ isal Potion of 
i>BI-0BCOdiiig XMA may be any cell or tissue type 
including biit siot limited to iiiammaiia.n and otker 
vertebrate cells an<! tisBise , well lowe^r 
e-alfearyotic celi^ and tisstie, Tiie gres^tit indention 
i0 detsot>^tr^'te<J using j east and Mxmaa FDI exp reaped 
i^ recombii^amt yea$ t bo§t cella- It Ib readily 
apparet^t to one of ardinaxy ^kili in the art that tba 
present invaxition esctends to and encompa^aes other 
exgressioB boats incltading^ but not limltei tp, 
maiiHsaliaa call^ ^^^^^ oell^^ prolfeatyotic cells such 
aa bacteria, insect cells and lower eiiii:ary otic cella 
stieh as yeaBt and f liamentotJB f t^ngl . FiirtharmorB , it 
is readily appareB% to one of ordinary ^feili in the 
art tfeat tha ^se of FKI encoding BHA derived f rom 
^oi^i^cea other than jreast and himan cell^ 
ancotdpasaed fey t&e present invention. Qther sources 
of Fl)X-eneoding Bm^^ bt^t are not limited to, 

vertebrates otl^et tbf.n. Miman such as rat and moMse^ 
noB vertebrates such as insecta^ and lower eiakaryote^ 
snch aa f tingi . 
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HicroBomal mem&raa^ f ract;iOB$ gref ar^d f rom 
£v e g r g:^ fcy fcli^ metfeo4 of Hotiiblatt axitS Meyer 

<19S6> Ceil, i>p.6i9-28> low levels of proteiB 

di^tilf ide isomerasa CPBI) acti"v^it^ wbiah were 
enhanced betweeix S-20 f old by aonicatiox^. Titis 
suggestexi tiiB pxeseBC€ witkia t&e iMman of the yea^t 
ex3i4opiaamic reticiiltxm o£ a:^ enzyme comparable to PBI 
fottad in the sai^^e cellular compartment vertabr§tas 
(Mills ^ 1983^ Biochem. J. , 2i2.* pps24S--8); 

Lambert and Freedman, ItSSj Biocliem* , J. 228 . 
pp > 635-45 ) and wheat (Eoden gt ml * , If 82 , I'EBS Lett . * 
138 . pj). 121-4) V The gene cotilng for PM was cloned 
aas^mixig liomology to ttie higher etikaryotxc en^yite^. 

iikely to show ^tropg cOHSer^atiOB 
the ^^ci ji: * domaiB^ wfeich ^3^e lii giily 
eoxxSBrv^ed vertebrate 1^1)1 e emd a how vexsr ^%^Qn% 
homology to thioredo^tin particuiarly in the rsgloii of 
tlie two functiortal ditfeipl activa aites; the 
conHeixsns sequence for tha actiY^ site ie FfiyPWCSS^CK 
<SEQ>II).BO> : 4)CFarkotm^t^ ^ M,- » If M a'Upra) . A 
non-re d^ndaiit 30-mer oligoawcleotide wa^ d^sigtiad 
feased yeast eodon bias (Shari^ al> si If 86 * 
Hiicleic Acid^ Has . , M:> p|> . 5125-43 ) whicli 
eixd-labelled .and tised to screen a yeast gexipmic 
library eon^tx^icted in the multicopy YEp plasmid 
fllASa (Cron^et and Tuite 1987 $ Mol < (Sen. Genet * j 
240., pp.5Sl-3)< Tx^o strongly positive clones 
(designated C7 and CIO) ^ere recoyered ftom tlXB 
gereen a^d pr^liisilnar:y restriction magping ret^ealed 
insert si^es of 14kb and 14*Skfe, respectively, witM 
the two inserta ^bo^s^ing a number of restrictio^ri sitea 
in cOTOon. The ingert of clox^^e C? was ^urt&ar 
analyaed * 



mm 



15 



10 



IS 



as 



ffiwst h& a furtber HijxdIII site since they were not 
contigiious segBepces , Detailed restrict ion mappiiig 

aBBmaptton. Ueiag tiatt^ralXy oectirriBg restrictloii 
^ites and oligoiwcleotiSe primers a 2>Skb 
Hin d X I X-^Eg oEI f ragMent ei^coinpaBsins tlie two adj^e^Bt; 
EiBdiII 0.ite^ was aefiaeiieed om both st^atidB* 

The DMA seftaaiice predicted a aiagle oj>eB 
reading frame of IMSbp vitii the pot^Btiai of 

encoding a polyp^^^^^^^ amino ^ci4^ of 

predicted molacuXar weight of 59 , 082 (Farf^liar^ E> , 
fefc > ^upra , ^ee ligure 2). The 0|>en readimg f rame 
had a eodOB feia^ typical of yeas t mBB&s that encode 
moderately abiindant proteins (Bexmet^en and Hallj 
if 82, J. Biol , Chem<v MI. |>p.3O2t-3031) ; th^ 
caXcj^ilated codoxi b i a ^ index wa^ 0*60. 

Analysis of the dete mined tmcif otide 
^agnence reveals a xmmber of staBdax:d j^eaBt promoter 



^ae Figure 2) . These iBcltide a TAI:A bo:^ homology 



part of a <TA/i4 Beqiianca located 

xeiatiye to the open ^r^adim 
gyrimldima ticjb region (34 otit of 3? 



eeii 



i 3^ exid of the 



S s At 

opex^ reading frame* foXiowing the traualati 
terminator there are homologieB to bot^h the segt^iemce 
popttilated to be a signal for transcription 
te^^^^i^^ation and /or polyadenylat ion in £ . 
(2aret and Sherman > 1982, Sell^ 2fi^ |jp.563-?3) and 

Ic polyadenylatipii pite Ci^rcmdfoot an^ 
3, 97 € i Mat TU re > 2M: * Pl> - 2^ 1 1-^4 > . 
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To determine whettier thi^ eioixed g^ne i^aB 
tramsc bed , SDpbp SmdllX-StMl fragment i^t«^tiaal 
to thfe opsB r^adlBg f irame ie^as iise<3 to probe a 
MDrtkern blot of total RHA Eaxapleg prepared f rom two 
aiffBretxt straiBB of Sjg^aMM^ imm/Ac and SK 
[0£/a a<lel /4^ ad82 / 4- M^^^ Gas ion st > * 1979 > J * 
Biol €hBm > , ZM, pp . 39 65-->3t69 J ) grown on two 
different carboxx goiaroes, glucose and acetate , to 
diffareBt atages of tfae growtfe. eyoie> Ixx 
e::B:po?>^lxtiaiXy growing cells a single lv8kb transcript 
was detected on glucose and acetate grown eell^, 
while the transcxlpt was bareX^?' detectable in 



rowing 



a , tlte §i^e of the transcript ^aa a a 
predicted by the open reading frame allowing for 
appro;^imately 20& nucleotides of rion-tranalated 

^/fv ... 

1!he predicted amino acid se^p^ence strongly 
this wag indeed FSX for the following 



3 ^ r egioina 



it had a predicted moleeuiar weight of 

pi ^4. 1) char act eristic of 

/a 



reasons < 




ill) 



* <■ < it. 



C 1 X 1 ) 



the amino acid ae^juenee n 
o:v^era3.1 ideBtity and 53>-5$% overall 
similarity with predion sly reported 
mamiEalian and ayian E^BI ^egttences* ai 
def ined Isy BESTFXT software (tMGC&> 
tiniversity of ¥isooxmin); and 
it contaihed two copies of 



B 



ive ^ite 



at positions and 
amino acid seaneBce* 



i.7 



rti^thexHiore j these ^egaano^B were part 
of larger int:erpaX d u |>1 i c at ions of 



approximately XOQ amt&o acids 
Bhc>t^ Bti^ong amino acid identity with 

maOTialian FBI Ci^igt^^re 2). AiigBment of 
the yeast atxd mammalian PBl seg^eneea 
al^o r evealea otliei: regxoxxp > oist^ i df 
the a aiid a * r egions ^ ^faiah showed 
fignif ieaat homology Cl^igx^^^ 2) *. 



In additions, two c 



features 



exicoded polypeptide E^jggeat it a c^iHapoHetit of tfee 
^< cerevi siae eiidoplasiEic retiei^ium; the proteim 
ericode^^ a wry bydropfeobic !9--tarminal seqi^e^ce with 
the charactaristicsi of a px^tativ^e s^cr^tory signal 
<0l€fra0^h, 1989, Biochemistry^ pp>923--9S0> and 

the f our C-t0miBal asiino acida are identical to 
those in yeaat BiP (Bomixigton ^ 



1 



57 . gg. 1223— 36) ^nd ha^e heap x epos: t^d to he the 



endoplasmic r^ticiiliim retentiOB aigiia 



ex 



gene IMl- the m 



present ia only one copy in the geiiome, Thi^ was 
eoaf irmed by high stringency hyfet^idisatioix n^ixxg 
G.8kh H i XI d I X I - S t u I fragment de^crihed aho^e aa a 



the 



prohe against a varxety of geBomic di. gestae 

To determime ^hethet the single FCll gene 
w^s esssehtial for viahiiity ednst 



a 



ele in which the l * 8--kb 



fragment carrying 



5 



15 



20 



3Q 



tiae HIS3 gene [Montiel, 0>F. . 1984. tocleic 

Acidsf R^s . ^ ig * pp . iO49--10683 mm iB^ertf a into tfe^ 
EeoK'^f 0ite wltJiiii tfcte coding Eegt^ence (f igiare 

3)* A ciiplold ■S. 0 .lg;^:>?:iM-^g- strain 



fragment carrying the gdil : :HIS3 diertiptlon to 
ref lace one of the two ciirDito^pmal copiea of tl^e ESXi 
gene witfa t&is non-fi3i5tctio^al ailel^. Three HIS"^ 
AS3324 transf Dxmax^ta <Yi, 12 and ^are attidied 
fxxrtfaer and in each casa sporulatiOB of the dipl 
produced only two liable ^pore^ per tetrad ( 
all of whicli t^are M^^* This iresislt Indic 
the lethal phenotyge was aaBOciated witfe gdll^LLSXSJ. 
mntatioxi* That the qpr^pect gaae rajjlaeement had 
arisen in the MXS^ traiipf otmaiit^ 11 and 1^2 was 
conf itmad hy Sotithera hyhridisation to blotted yeast 
gapomic DMA digested with EsJ^ n^ipg the 000 bp 



3> 



gondii I -.gJ^EX fragment as a probe < Sinee tbe ISll 
gene contains no internal Fiil ^itea il^igtite 3) bt^it 
the gene does contain a a ingle ^ite (Fi gure 

allqv pimple idehtif ication of 



3) t 



S 0 



dil r:Hlg3 allele* As pred 
stxaiB AS3324* a sinEle 




detected 



V s 



was 

and 12 tranef otsanta t^o 



0 of 9S;h aBd 2>2kb were detected with the 9kb 
hatid presBmably consiating of two bandB of diff exent 
origin > TMe^e data eonfitm t&at the FSIl gen^^ dfne 
of the two tehroftoaomea Sad beeiit replaced with tfee 
EM3 aiieXe and that siaoh am event was hapio-lefehai > 

An^ of a irariety of ^toc^dnreB m^y he maed 




10 



IS 



as 



30 



to mol<?cijlarly cloBe yeast fl>l~eiicodisig BHA. The$e 
Methods iijelnd^^ put are tiot limited feo^ dir^set 
functional a^ptesBiom of the PBl gene f ollowiisg 
construction of a BDI coptainiiig DMA library 



tB to screen a FDl eont allying BMA lifer^ry eortstrtiet^id 



in a bacteriophage or flammed stottie yeetor w3.tB a 
labelled Diigo^xicXeotide pxobe dasigne^ from tbe 
amiBo acid ^eqt^ance of tfae FBI proteins > "^ha 
preferred is^etfeod congi^ts of screening a litimaB or 
yeast FBi-eontainiBg genomic Wih library coBBfeirticte4 
in a plaBmia shuttle Vifector witfe a dedticed IMA probe 
etiteodiBg t&e Imown amino acid se^ti^n^ce of tixe enmyme 
active site* 



It iB readily appareiit to ttose nk 



the art tiiat otber typee of liferaries, aa^ well as 
libra^iea constructed from other cells or ceil typea, 
may be oeefiil for iaolatimg BBI encoding 13 
types of libraries ittclnde^ hut are not 1 




libraries deriTed f rom othe;r 
MTt^^brate * Mud lo^er i 



ceilsf ot cell line^v at&er than yea^t cella > 

It ie readily apparent to tiiose skilled in 
the art that ^suitable cliWA libraries pay be preparei 
from eel la or ceil lixies wbieM baye FBI activity* 
The galection of cella or cell lines for u^e in 
prepariBg a cBm library to isolate BDI clMh mB:;^ he 
done bv first meaauring cell associated FDX activity 
tiding the procediiraa described fully above . 

^Preparation of cBMA libraries cais he 
performed by standard tecbnlsne^ well teoi^B in the 



pc:rivtJS&3/0S3is 




art. Well toown cBMA libx^ary con^t^^ction tecknlq-ue^ 
can be foi^nd for e:3cample> HaBiatis, , rritsct^* 
B.F^j: Sambtook, J., Mol^ct^iar Clomi^ng: A Labor at oty 
Maimal <Gold Spring Harfeor Laboratory, Cold Sf^rlng 
Harbor J Haw Iprk * 1982) . 

Xt is alBO readily agg^arent to tbosa sivilled 
in tfaa art that BBI-eneoding SUA may als^o be isolated 
£ rosi a sui table genomic BEfe library^ 

CoB^trnetioii of genomic I}W\ 11 bx axles can 
performed by atandaird teelmlqtias well kaowB in the 
art. Wail toom §anomlc BNA library coBSt ruction 
tecbigtie^ can be tmmd in Mapiatis, T> . Ftit^cfe, 



>r 



J . in M< 



ar C 




Maimmt CCold Sj^riBg Ba^feor Laboi^atory Cold Sgriiig 
Harbor , Baw York, If S2^) > 

The eiorted FBI obtaixxed tliroxsgb the methods 
described above may be recombiHant-ly e^rastei by 
molecular elojiing iBto aa a:^regsipn wctor 
coBtaipiBg a siiitable promoter and other appropriate 
traxjBCxiption xegi^latory elem^iitS:^ axid transf err 
into prokaryotic or aiil^aryotic iio^t oells 
recomfeinant FBI, Tecbnigiiea for 
are f tilly d^sctibed in Mamiati^v T> 
and ax a wall ktiown Ab the art . 

J;3C|sre0#idB sectors are defined herein as DJIA 
saimiences tfeat are regtiired f pr the tranaerigtipn of 
eloBed copies of genes and the translation of their 
mSKas axi appropriate host* S^ck vectors can be 
used to express etilj;aryotic gexies in a variety of 
hosts 0isch tjactaxia V blti^graen algae > plaint cells > 
■ngi > insect; cells an<3 animai cells * 



specif ically desigBed vectoxe allow tlie 
sbmttling of DMA betweexi hoatg , si^ch 
bacter ia-veast or bactexia-animal cells . An 
aEpropriatfiy coxi^trtscted expression i^ector she 
coxitaiii: an origin of replication for aiit<^xiomou0 
rapli£:atiDix in l^o^t cell0* ^ elect aM e maxke^rs * a 
limlfced xmmber nseftil res^trict ioix BB^yme aitps , i 
potential £or liigh eoBy ntimber , and actiw 
promoters . A promoter 10 ief iaed as a DMA ^^^lence 
tfaat directs MMA polym^tme to bind to EHA and 
initiate KHA ntlxeaia > A strong promofcer in <m^ 
wMcli caisses mEMAs to fee Initiated at Mgfi 
f reguency . Expression wctars maj itxel^aae* b-^t are 
mot limited to^ cloning wctors, modified cloning 
wctor s, speeif ically des igned plasmidg ox v^i ruses * 

A v^axiety of mammalian ^xprespion vectors 
r be nsed to exgrea^ recombinant BDI in mammalian 
iE> eommerciaily available mammalian expression 
vectors wbioh may fee snitable for recossbi^ant 
e3?:pr^0alon> incXnde bxit are not lisssited 
(Stratagene). pXTX (Strafeagenel , pSG5 CStratagene) , 
BBO-^pSVa^neo (ATeG 37593) pBF¥-lC8-2) (AITCG 37110) , 
paBW^M^n?neo(342-12> (ASGG 3722*) , pSS¥gpt (AITGC 

pxsmm (ATGG 37M0). and gZB35 (ATCC :3?56S)> 

BHA enoociing FBI may also be cloned into an 
e:H:pr^s^ipB nectar fox e^i^iression in a variety of 
recombinant UQBt cells, Eecoisl^inant Mo^t ceX may 
be prokaryotic > incl tiding bnt j^oz limited to 
baoteria, or enkaryotip> including btat mot limitecl to 




y^ast* masmaliai^ oell^ inciuding^^ not limited to 



cell lilies of Immamo. bovine, porcine > moB^ey and 
rodent origin, and iaseet calls incli^ding hnt not 
limited to Br 00 pi^Jii la der i^Bd ^?ell lines! atid 

5 Spodo.pt era f xugi^erda <sr9> insect cells for iasa with 
tBComhiimnt BacBio^i r^s expres^im systems . Cell 
iines derived f rom maipaalian species t=?feicii may be 

table and wto^ich are conmierciaiiy a^a^ilable, 
incitide but are not limited to, C¥-l <>ftTfie GCL 70), 

10 COS-^i CATCC CM. 1650}, (Ai:CC CEI. 1651). GHO-Ki 

{AICG C£L 61), 3T3 (ATCC CCL 92), MIE/3T3 (ATCC €RL 
165S), HeLa CATGS CCL 2), C127I (ATCC SRL 1&16), 
BS-^G-'l CmCC CCh 26) and (ATCC CCL 171) < 

A vea^t active pxamotex initiates 

XS transcrxptioii of tMe PDl gBn^ in yeaat hoat^ . 

Tiietefore* it is readily a^psirent to ttoo^e skilled in 
the art tfeat any yea^t-active promoter seqntnce my 
be naed^ ino leading btit not limited to, fiAL l . gAl^l Q , 

ML 7^ EfiSiv AM2. Mas. (1M3>* It 

20 ai Bp readily a-|>parenfc to those skilled in t&e art 

tliat a ^nitable aesay system, ^ immnoblot or EX A 

or ansiyme^ linked iisHmnoaBsay (EIAl y Bay Jbe ntili^ed 
in order to msMy esspxeseion of Wl in tBcpmhinmit 

2§ ;£feliii3Li^JiJ:M iias S genes wixicli encode tlie 

ensjyme^ respf:onsxble f or the ntiliEation of galaetose 
as a carbon gonrce f or growtli< The E^l* ii&L2 > 
^Mfi&r ^M*7^ and GAL 1 0 gene^ rtspectively encode 
galactokinase > galactose permease , the major iso^yi^e 

3 g p£ gkospbogincomutase , o^-B-galactos e-l-pliosp 

i^ridyltransf erase and uridine dipko^gJiogalactoae-*-- 
epimerasex Xn the abssence of galactose ^ very little 



e^px ea e ioa of theae ea^JY^eB I b detected. If e el l a 
axe grown on glucose and tfeen galactose is added fco 
t lie cult ij^raj theae tbiree en^pBes are iuduced 
coordixiateij. by at least l,OO0--fold^ Ce3ceept for 
1^5, wliieii Indticed to afecstit 5 fold) at ttie iev^I 
of EHA tran^Dri^tio Ttoa SM^l , QMM, IMLS . £M^7 and 
GALIQ genes have baeB moXec^larly cloxied 
segyenced. Tiie r^giilatory and promoter ae^BeBe^s to 
the 5' sxde^ of th^ ^resgecti^e coding regioB^ imve 
bee% placed adjacant to the coding i:egioa^ of the 

gene > These axpcrimaiits ha^e def ined those 
proiEOtgr and regulatory sequeaces whica are necessary 
and ^tiff xeieBt foi: galactose induct iosx> 

also hag 3 geBes ^ each of 
which encodes an i soSfytue of ABH^ One of the^e 
enzymes,: ASiSII* is reeponstble for 1:^ ahiliy of 
ggxjg^igiae to titiXijse ethanol aa a cax'hofs. ^ouirce 
d^riag oxidat iye growth * E^reasion q£ the i|^2 
geae , whicli encoder tfee ABEII iso^^ysi^ v iu catafeolite- 
repxeBsed fey gli^coEe* such tliat there virtually o^o 
transcxiptxoB of the AME gene during fementative 
growth IB the presence of giuaose levels of O.IX 
C^/v) V tigon gli^oose depletion and in tfee pre^eace of 
n^n^repres^s i-ng oarbOB sotirce^ $ transcript ion of i^he 
MM gene 10 ix^dtieed 100- to lOOO-f old v Thir gene 
has feeen polectiiarly cloned and ae«|Benced > and those 
regiilatory and promoter 0e^ne?iceB which are necf^sary 
and ^Bff ieient for derepression o^ tra»soription have 
he en def in§d> 

Alpha mating factor i^ a sex pheromone of 
S^g^^gij^ ^hieh iB required f or mating fcetMeen 



s 



10 



20 



axi-d MATa cells . This txidecapeiitids is easpressed m 

anippXasmle retieiil'uss> glycd^y lathed and 
i>rot;eolytical pre>ce^Be3 to ita f ilial mature f orm 
^iefe i B secreted from ceil0. Ti^i^ biocliamical 
patfat??ay has been e%|»ioite<i ati e^icpx^asioB strategy 
f or f or^igp ppXyge^tidaa > Th6 alpEa mating fa^:^t<3r 
gaaa haa J>eea moieciiiariy eloiied arid its ptomotar 
with pre-pro-iisacler Begmance fea^ beea ^tili^ed to 
assi^resE and aecrete a variety of polyi^egtides . 
l^ikewise,. tJxe 1S£15 gaiie promoter ha^ feeexi sfaown to be 
inducible fey lo^ pIvoBphate concent rat ioi^a^ amd t&i a 
alao &as utility tot pliyHiologieally regulated 

Tiie alfha matixig factor promoter actiye 
opljr ill eel la ^ioh ate pfeenotyificaliy Their a a^e 



4 geaetie loci in sms^Mj^M^* known as 



^ i oil 



^ynthesi^e gxoteins xe«jt3ti^ed £or the repreE^iop ot 

other normaily iilei^t copies of ^ and M 

ixif o;:matioi3L> Tempexatpre-seiiBi <^ts) le^ions^ 

tMs repr^^sioxi ave^t exist in 



0 ^LOd- X > 

35 abtogate^ xepreasioa. 



tfae gene product of 

25 re^tilting ib^ cells pkeBOt^rpieally in whick the 
alpha mating factor prom^ inapt i^e, Upon 

tempexattire afeift ^t^^^ t&e cells phenotyg icaliy 

texmxt to IS sucfe tliat the promoter beeomes active* 
l^flie tise of strains with a tB £I£ lea iom has been 
deaonst rated for the cot^^t rolled e^cpireaBiofi of ^^mtaX 
for ei i gn po ly p e p t i d as . 



is xeadily apparei^t to those 
the art that the select ioi:?: of a ^nitable yea^t strain 



10 



f or e^resaion of FBI eacfmpaaBes a wide yanetiy 

not limilied to tlio^e with genetic ani phenoty^ic 
chataeteristics such as protease def i<^i^^cie^> 
altered glycOByXatioti capabilitieB . 

mrlety of species . s^^lMSdMiMS. tmBt co*ft««w 

tised as a liost f or tl>e rcscombinaxit SNA-^medxatei 
escgreaBioB of a v^ariaty of foreign polypeptides > 
Ho^ewt , th^ disti^^^t:lons among other speeies o 
gentis gag^gM-^gg^gg^ always weil-def i 

Maiiy of these Bp^ci^n are oapafei^ of i^terbr 
^it& B . e^grgyigiae aii<i are likely to "poBBms 
promoters i^hicfe a re^ analogous or identical to 
promoter a ir^ s,gJ^ol^la^r Th^refote, it will fee 
raadily :g>;gparent to thoag pMlled in tlie art that , 
f ox tha expr ess ion of FDI , tlie select i OB of a ho^t 
strain extends to other spec lap of tlie geniis 
rpmyces . incltidliag , fetst not limited to, 

Seireral ^r^aat genera such aa 
4, lic&m* ax^d ^ortilopsis &a^e beea ahowrit to 




eoi^tain simi^tax metaholic jath^ay^ f o.r the 
i^tiii^atiqn of methanol as a sole efi^hon son roe for 
growth. Tlie gene for aleofeol osriiasej an enzyme 
is^to.ich parti cij>ates in tliia metaholic path 
baan isolated f rom Bic&i a g^itsaslE,- 

IB 6 p r otsD t er ha^ he en i s oj 
0ti0captible to methanol iadt^ction of 
expression. Snch an iBdncibl^ gromotex nseftjl for 



^ j& * ^a.§^. 



IS 



e:^p3:es0ioB af palypaptides Ib yeast. la gartictilar, 
this propoter teas been sfioun to actiire on a 
pXas^^id fox t^he in4ti^ifele exptes^iort of hetexoXogotxa 

tfee aYailafaiiitj of other yeast genera to ftinction aB 
hoBts for the recomfeiBant JM^-^e^iated e3?:preasiO}a of 
poly j>ep titles ix> acfciv-e form* Therefore, It will fee 
raadily appa^etnt to those ^liilled in the art ttet, 
f or th^ e^-^gression of FBX v the geleetion of a, liost 
atrai^i extend^ to species from otteer gemera yeast 
f r om the Fami lies Saccliar otny^ and 

* incl^iiiig, h%it not limited to 

The e3i:prssaioi> v^otor may be iBtrodyeed into 
ceils ¥^ia BJij one of ^ tmmfeer of teelmi^i^e^ 
including hnt not limitetl to tirans^gormation^ 
tranaf ectioti^ protoplast fnsion> and eleetrosoratioBv 
The essj^ression wctor-coiatainiBg calls are elOBally 
propagated and xHdivid"ually analysed to detemine 

jay gtodtiCB BBX protein, identification of 
host t:ell clones ma^ he done by 
aevefai meane,: ineltiding hnt tiot limited to 



ogicax react i^^ity Mith anti- FBI antibodies ♦ 
and the presence of host eeil-aasoeiated PBl activity* 

Bsspxe^Bipn of PSI PHA may also fee performed 
B^i^cxg in vitro prodHcei syixthetic i£iEHA> SyBthetie 
3^HA can he efficiently translated ip vario^e 
coil-free syatems, inclmdix3^g but not limited to ^eat 
germ extracts and retlciildcyte e:^tracts^ ae well a§ 
e:ff icientiy trart^iated in cell h^sed systems 
including hmt not limited to micrQiBjetetiOH into frog 
ooe^j^tea* 



It is readily api^arent to tlioaa sfcilla4 
t&e art that FDI may be escprassed in a recoi^binant 
host from a recDmbinaBt eifcss^re^eioti eas^ette which is 
XTit^g rated is5i:o thm hoBt cell genome , in single copy 
or smitiile copiea per celi. It is also readily 
afi^arent to those skilled in tSe art that ?BX may be 
^:^preE^e<i in a recombinant hOBfe f rom a recDmbinant 

re^sion cassette which is present oa aa 
atitonomoiiBly rej^licating plasmi^l in gingie copy or 
pxiltiple ooBies per ceil, 

TJ^e xecombinaxit host cell e:^pr easing 
xecomhinaBt FBI may be tjsedv in ttirn, aE a tost for 
the e^cpreasion of other r^eombitsaht gea^s > The iiovel 
ptocesE of the greaent i^ai^tioB stibst ant i ally 
imj^roves the yield of raeo^hii^ant disulf^^ 
proteins by expressis^tg the PHA euopding the 
recombinant di^ulf ide-bonded gfoteit^a in a host cell 
Hliich prodi^cas xeoombitiant PSl. It is readily 
apgareiit to those skilled in the art that a variety 
of disi^lf ide--boBis3cd proteins may he prodxiced by the 
graeess of the present iiwention. The 
disialf ide--boade4 proteins incltide, fetit are not 
limited fed , protei$^S which are secreted * or remain 
€iell-assooiated> EecDmhinant DHA co^stirta^ts f or the 
express ioa of recombinaBt dlsiilf ida-feo^ded proteias 
inay be made by the proeed^reB fully descriheS above 
fox It is readily a^pparent to tbose s&illed in 

the art that the BHA encoding febe reeombinant 
dis;nlfide-bonded proteins May be eis^re^sed f rosii a 
recombinant e^sgression cassette which is integrated 
into the ho cell genome , it^ a ingle copy or miXt i^le 



28 



15 



20 



25 



30 



eop i ^er c ell < 



It iB al^o readily apj^arent to 



t&ose skilled iii the art tliat aacoding the 



recombiiaaxit diBXilf ide-toQxided j^xote^t^ ^ay fee esqpre^a 
fxom a reco^Mtiiaiit expre^aiOB; cassette wMch 
pxeuent on an atitDnomonsly rapli eating plasmid xti 
sfingiy copy pir imilti^le cbpiea p^ex call ^ In 
addition, it readilj a.pparetit to those skilled in 
tfee ax^t tliat the eBCoding P13I and tha pHA 
encoding the recombinant disiilf i de-bonded proteiaa 
may fee pxesent on tha same plaamid in BiBgle copy or 
iimltipXe aopie^ per cell. Fnrtkermore, it is readi 
a|>pareat to those skilled in the art that two or m 
disulfida bonded proteiB^ may be co-<e^pressed from 



e 



ion 



ox pla^mid-borne cassettes, or a 
at eof * 

Eollowifig e3?pres?ioii of FDX in a recoisibinant 
O0t c^ii , EDi protein pay be r a covered to provide 
gmrified ^31 in active £otm, capable of catalysing 
the f ormatiOB of: disulfide bond^ ixi proteins^ 
Several P1>X giirif icatipn proced^reE^ are available 
suitable f or nee * As described 
purification of FBI from nattirai ^otirce^^ reoomj 
BBI may be piirif led from call lysatee and e;^traotS, 
or f rom eondltiOBed eyitt^re meditim> by ;y^ariot:is 
combinatiOBE or indiiridnal appli cation of ^alt 
f r a c t i onat i on, i on exo hatig e cbr om at o^r aphy * a x e 
mcluBimi chromatography, hydroxylapatite adaorption 
obromatography ar^d bydrophobic interaction 

ra; 

in addition > recombinant FDX can fee 

Y^t*^ cellular ntoteine by mse of an 
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ipEmiBC>-4ff inity coi^imn maae with monoclonal or 
poiy clonal ant ibodies ^p:ec if ic f or FBI > 

Monosgeeific anfcibodies to PDI are pttrified 
from isiammaiiaii a:xitis0ta coritai^iiiiBg at^tibodiaa 
raactive against FBI or axe prepared as monocloiial 
ifoodies reactive with CTI t^sitig tile te<2:toi«jtie of 
iz and Hilsteiii, llattjre £Mt 495^*97 (1975). 
MOBoapecdfio antibody as tiaed hereia daflixei as a 
single antibody species or mnitigle mtibodj epecie^ 
wifch bomogexxpi^s b i nd iixg cliaraeteriai;ic0 f or FBI . 
HomQgenou^ bidding as used rain refers to the 
Ability of tbe ai:itibody species to biiiS to a specific 
antigen or efitope^, ^neb thoee associated witk^ 
FUi, as daseribed abOYB. Sti^yse speeif xc antibodies 
ar^ raided by iimiinni^lBg a:^im^i^ siicb mice^ ratg:^ 
gmiss^ea pig^> rabbits , goat^ , tiorBe^ and tfee like* 
with rabbits being pre^^^^ witb an agpso 

c one ^Bt rati on af EDI eitber witb witbout 
ij^x*^a3 

Frei^pne ^ertim is collected prior 
first imatmi^ation. Bacb axiimal receiwB between 
c^bo^t 0.1 mg and aboi^t 1.000 of FPI a^^6eiated wit 
an aoeep table i 

t rn 

c omp i e t e , Fr etind ^ ^ i oiap 1 e t e ^ 



r 1. at: e 
an X 



to 



3 



limited to> FreuM ^ H 
a ix^m-g r e c i g 4 tat e , 



water in oil eiJipl^ion cot^taining SsijmS 
parxmm and tBMA ^ Tbe it^itial iisimini^ation consists 
of tbe enzyme in, |>ref erably ^ Fxewd ' a complete 
adjti'v^ant at imiltiple sites eitfeer mii 
i nt r aper i t onfj al ly ( XP ) o r 
at regtiiar intervale , preferably 
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determine antibody titers The animala may or may not 
raceive booster ii:^ J ectionB f olio^i$ig tbe initia:! 

injectioxis are generally giwn ai3t agml amotimt of tbe 
mmjnse iu Freiind^s incomjpiefce adjuvant fey tlie same 
rotite . Bolster iBjeefeioa^^ are givea at abot^t t&re^ 
^ee^ ititervala uafeii maximal titers are obtalBed- At 
al30t;rt 7 days after eaeh booster iismiaisatioxst ox aboi^t 
weekly after a single immm ligation, the animals ai:a 
bied^ tke serum coil ec ted > and aliTOOta are Btored at 

MonoclOB-al antibodies (mAb) reactive with 
FDI are prepared bs?^ immiBiEing inbred miee, 
pref er ably Ba^lfo/e * witb BBI . f be mice ar e imrmBi^ed 
by the :£P or S€ route wltb abottt Q.l mg t<:j about IQ 
mg» i^ref erably about 1 mg> of ^BX ia abo\3t 0*5 ml 
buffer or valine iiicorporatei ixx $m eaual wlume of 
an acceptable adjuvaBts aa di^ouaaed aboye. Fxeiand^a 
complete ad juvaxit is i^ref erred* The mice reqeiw an 
initial immBmization on day 0 apd are rested for 
abotit 3 to about 30 weeliS . lOTmsBi^ied mi ae a:ra giy^en 
o^ne or more booister immt^iniisations of abont 0.1 to 
abopt 10 mg of EDI a bnf f er solution si^ob a.^ 
pbo^pfeat^ buffered saline by tbe intra^Bt^ouB <1¥) 
route, i^yisijboesrte^^ from antibody positive ssiice* 
preferably splanip lyxEipbpey^tes^ are obtained by 
removing sgl^en^ from iiirniuniEed mice by standard 
f roeedxsree fenom in tbe art. Hybridoma cell^ are 
produced by miicing the splenic lymgbocytes mfcb: an 
approgtiate fusion par tile r^ preferably iJijrelt^Ma cells ^ 
utider conditions wbicb will allo^^ the formation of 
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ataMe feybridomaa ^ Fiisiojx ifartmara may include^ bi^t 
are not limited to: mauBe mfBlomaB P3/MSl/Ag 4-1; 
HPC--11> S-lt4 and Sp 2/0, with Sg 2/0 being 
ptefei:re4- Tfee axitibo% pirocitiCi;n:i| eeiX^ aad myeloma 
ceils are f^sed in 5^oiyat&5?l@ne glycol, about 1000 
moi* Mt.i at cdi^cant^ratipn^ ^ xom about 301* to ^boiit 
50%. EHis^d liybridoma cell^ are selected by gro^tji 

PtiibeccD^0 Modified Eagles MaditiM CIMEM) by 
ptpcadtireH known in the art > Sup^rmat;ant f it^^ids are 
eolXectei f rom growth poaitive w^lis ojil aboist days 
14^ IB, and 21 and are aereaBed f antibody 
]grodiaction by an iiismanaaeBay ^^cli as solid pha^e 

ftoe ciilttsre fluids axe also taatad in tbe Ot^obteriony 
gireeiplt^t ion as s ay to det^CMii^e the isotyj>e o£ the 
mAh> Hybxidoma cells from antibody positive wella 
are cloned by a taebaiqtie ^tieb as tbe sof t agar 
tecbxxifpe of MacBberson, Soft Agar Tecbnigmea * in 
TiuBue QuXtMtB MetbodB and Applications > Krii^e arid 
Fater0Oi5 , EdB * V Academic Pr 800 ^ if 73 . 

clonal atitibodias are produced ijj 
/ itiject^ioB or pristane primed Balb/d miee^ 
appro2tii££ately 0-5 ml per moB^e, with abo^t 2 x 10^ to 
about 6 ;^ IQ^ Ir^bridoma cells about 4 day^ after 
priming, i^scite^ fiij^ld is collected at apprc^ximately 
8-12 days after cell tra^xaf er and tbe monoclonal 
antibodiea are j^iirlf ied by tecbniqisea knowxi in tbe 




In vitro w 



iOB 0.1 



growing 



b%^dxidoma in 



?^ing aboi;3t 2% 



fetal calf ^erum to obtain sufficient g^nantitxes of 
the specif ic isAb. me mAb are ptarified by techniques 

eulttire fluid I ate determime^ bj?^ mript$s seroiogical 
or isisnmnoiogical ae^ays wJiieli incliid^, but ^xe not 
limited t0> pr:f cipitatiop^ paB^i^e aggl^tinatiox^v 
enB^i^me-^iiiiteed iisyimno^05^beat antibody (ELISA) 

Simlar as^aya are ttsed to detect tlie f resenoa of PBI 
in body fXuiis or ti^ai^e and cell extracts^ * 

It is readily appareiit to tlioae ^killei in 
the art that tbe abov^e deseribad met&od^ for 
prodticiBg monosjseeif antibodies may be utili^^d to 
prodi^ee aiitibodieg specific fox FDX polypeptide 
fxagments , or fiill-iength PDI polypaptide . 

EDI aatii>o4y affinity cplt£mi:is are made by 
adding the aatifeodiee to A£tigel-10 (Biox^ad) , a gel 
0Bpg0xt ^ich is gre--actiyated with M--hy<Ixa:^fuaci 
imide enters smcb tliat th^ antibodies tptm epyalent 
linkage^ with tte agarose gel btad angfort. The 
antibodies are then oonpled to the gel yia amide 
bonds i^ith the spacer arm. The remainitiig activated 
enters ^are then gtiexiehiad with IM ethapolamiBe WQl <ps 
8>. IThe coinmh ig washed with water followed by Q*23 
M glycine HCl (pH to remove any non-^conjis gated 

antibody ox esctjraneons^ protein. The cplnsjm is then 
equilibrated in phosphate btjffexed saline (pS ? . 3 ) 
and the cfXl eultnre guparnatants ox cell e^txaets 
containing PDX are glowly passed throngh the colnte. 
The coltnmi then washed witb phoSf hate hnf f ered 



salixxe iintii the optical density {P^qq) fail^ to 

giyeine-HCl {fH 2*6>v ^"1x6 gurif ied FBI proteiti 
tfaem dialyEed against p^o^pMte btiff erei saline. 

Th§ following B^amj^lfts are pro\?ided 
iliu0t:rative of t&6 preaent inwiitioii, witliot^t^ 
however* limitiiig the same thereto. 



£trainB and Gro^ 



Tiie imSiSMmsiKa^^^ Strain^ MB 40/^^^ 

1^2-3-112, iim2> liiE3-ilv-M> J;i$:i> and 
AS3324 (MT^/H^'^a^* M^fhlM^, XMu2/lm2, ms3/sx&3. 
i.^p,l/tr£X) ware grown at ^O'^C in eithBx TBFD (1% 
bactopeptoxxe > 1% ypa.0t extract ^ 2% gli^cose) or a 
pHS.S buffer ed mmimai mediiJim (0x67% ^eaat litrogem 



Baae «thQut amiBO acids* 24 ^l^ca^e^ 1/^ succiTiic 
acid ^ 0 . 6% HaQH , 5 Ofig/ml me ;g o - iB.00 i tol ) eti^g 1 ament a d 



witfe tJie necessary bae^ atsa amino aeid reguir 

J 1984 > Froc > Bat ^l . Acad. S€i> XJSAs 11^ 
Pt. 4642^464&i^ and BJI9f5 <S^a, 1^2 , iam3-S2 
SX&3L^S1122 , 



991 , Hetkoda 



Unisjmioi . , 194 . pp . 428-4 53 ) re used f ox awluation 
of BDI overaxpressioB and i^rere grown as descritoed in 
the appropriate e:Kamglea . 

Ttse cBe r i c h la c o I i strain JpSos; 




) was 



7 r 



for plaiSmid ^ctee 




maixrp 



[EXAMPLE 2 

BKA mani I at i 

iigatic>BS were carried out acec^ossssendeS by t&e 
f or 1;, trasisf ors^ation (Cofeteis St. mX. , Xf 72, 

feransf ormatiOB (Beggs, 1978 Kattire, 1X1> pp, 104-9; 

performed. G^iiomic DMA was prepared from 
fe^i^gvigiag l>y fche metliod of Holm gi. al.. (1986, Gfae, 
^2 , pp. 16 9-73 }- 



A y^^^t gei^DMic library , contaiiiing partial 
Sau3A fragments of from the iiaimmiss 0txaiB 

[a/ a adeiM aaea/^ Gas^ion .efc al< > 

Si3ipra3 elQBea into the MsPI site of the l^igh copy 

a.ni Ttiite, 1987, ^^pra> wm uBBd to ^ctg^en for fc&B 
WML gene. M oligomeieoti^e 

wa^ gynt&esi^ed agamst the highly eome^rwd 

* tMox^doxlB-lil;^ active ^it^ (FXAWCGSCK) 

(SEQ .1I><K0* : 4)^ but Bsimg a yea^t codoa Ma^ (Shax|jf 

Sifc El< > 1986 > stsp ra) < 

To ^creaii th^ library SOng Of tiii^ 
oli^oxitielebtiae wa$ eiid-labelled with 
[Amersham, aOQ&Ci/irool > 3 and T4 pplymieledtide 



JxiBase , uaing clirpm^tography to separate the 

labelled oligoniiteieDtide ttom titixticoirpqsated 
nticlepeides . Approximately 20 ,000 DHSct r^combii^ant 
eolomies were screened on nitrqcCllx^^Xose filters fey 
eol0W i^^br idisatiOB as follows: each nittoeeliuiose 
filter was pra&%rl>ridised for 16 iiDxirs at %7^C in 35% 
formamide, $ SSC^ 1 :^ Denhart*s Boliition^ :25Q|jL,g/ml 
4eBatHi:e4 s^almon ^peri?i IMA^ 0<1X SBS* Tlie labelled 
qligc>nucl^otide (s|>ecific actii^-ity 4*8 2£ 10^ ^psi/M-g) 
vmB detmtxtTBd for 3 miiltites at 90^ G and thea diluted 
to 2ng/ml ill preliydridi satioB. buffer an<i added to the 
filters . Af ter incubation, at 3?^C f or a furtlier 16 
hotir0 the f ilters were removed ^nd riB^ed for 2 
mitmteB in 4 SSC, 0/1'^ SBS > fhe filtats were t&en 
a^tprad iograpl3.0d p^etBight . 

39 poteiitial positiw colonies were 
id^atif ied and taJ^eti tiiroiagk two ftirtlier roxsnd^ of 
Biztm^<nin'g B.B described abo%^e^ after whiob 10 positiiife 
cloBe^ (labelied CI to CIO) were obtained ^ Two of 
t&ese clones CG7 and 510) wer^ restriction mapped and 
clotie C? waB cbosien for subseqtient studiea v 




eaaaBtiallv aa described by Hani at It ^J^^ X9S2> 
sttpx:a, followed by the addition of tlie 

deacribea BhovB< Hsrbrifliaation warn carried out in 6 
X SSC tot 24 hours at 43 ^C> followed by two ^a^^ea 
20Gml of 2 ^ SSC for fxye minute^ at ^oom 
tamp^rature* t^o wasEe^ in 200ml of 2 x SSC 0<1X SDS 
for 1 &o\^r ^t 65^0 and one; f inal wap^fe in 500 ml of 
Os l SSC at room temp^ratnrB. Tbf f ilter wa^ tken 
subject to ant or ad iogr at -70 ""C for 48 hoi^rs . 

A E v4k|> HlncII-lsisEI fragment from clone C7 
wa^ completely ^eqnenced u^iiig tfee iideo^ cJiaixi 
texmnator metliod (Sanger M;, 1977* Proc, Hat^l* 

Acad. Sei. Sui table 

rastt^lctioH f ragmexit^ for aeqn^ncing were ^nbeloned 
into pUOlt aB4 pla^mi^ gxepared for Beguen^ixxg 
^sing tl^e ra^id gtooedure of Holmes and Quigley 
<1981^ Anal> Bioeiiem. ^ pp. 193-?)* Xa addition ^ ome 
fra^meata were cloned into tb^ aiiigle-Bferanded 
wctors mjjl2 ox mpl3 CMe^aiBg, 1983, Met&o4s 
EnEfmol . , IBl* |^p.2Q-78}v A range of stqneBCing 
prinier^ (i5>-i8 is«r^) were s^ri^tliesi^ed t^ieh at3t^^ 
eltbef to %hs f^olylinl^^sr regions of tiie elotiing 
ve^ototB or to js^re^iousiy dedi^ced ixxtaxnal CI M^A 
aequeneea. Bias mid JMA wa^ denatnred gxior to j^rimer 
ameallBg in 0 . 2H MaOH, 2mM MS^A f or 30 minmtes at 
dl^Q, p:^ntralised by t^fe addition of 0>1 ^ol< 
aodium acatate ^H5 . 0 and preci|jitate4 witli 3 ¥al> 95% 
ethanoX at -70 for 15 mixmtes. T7 Dm fol^rmeraae 
CSeg^uenaie^ IfS Bipcbeiiiicala) ^a n^ed Recording to 
the manuf acnturer^ * in^tri^ction^ for is Zv^iir^ cbain 



elOBgatipB:* using la-^-^^FJdATF C3000Ci/»oX ;XCII) foi: 
laijellixig.: Reactloiis were aaaljBe^l as pEeviousIy 
described (Bossier si , i9B#, 6#ne, IS, 323-30), 



0 



Total Rl^i^ wa^ pxagared f j^om escpoiietitiali^ 
growiBg eella { 5 x 10^ ^ 1 x 10^ cells /ml) or 
^tationaxy pfeaae ceils (2 x 10 oells/ml) of the 
Etraixt ICD40^^^^ EJIA was alao e^^t^^acted from 
exponentially growing eel la of MB40/4c ^labjected to a 
30 mixmte heat shock {30^0 to 42^G>> Total 12m wa^^^ 
extracted es^eBfcially as des^cribed hy X^ohBotx jgi al> > 

Northern l^lot axialj^a wa^ carried o-ut 
followe: total RHA denatured in 20% 

f otmaldaliS^de 50% deiOBised formamide by J^eatiag at 
55 fox IS mi^xxtea and thea aef arated in a 11 
aga^o^e gel containing 8% f oi::mald^Byde. The KH^ wa^a 
transfej^xad to a mitrpcellxalo^e filter (S&S * MSS} by 
vaois^m felotting and tfee f ilter boiled ixi 
Tris-HCl for 5 mimtes* Hyfer 
ont <yvmnight at 42 in 10 x 
SSG , SOmH phosi>hate 
SI>S> 400j^g/Ml 

l--5mg/ml of tije i>robe. I'ilterg were atitoradiograplied 
for 1-S da^^ at -TO^C. Brobes used were ; a Q, Skto 
SisdIIl--£fcmI fxagsaeiit from the IBTl gepe (targijiliar > 
B.< et al^ , stspra, aee Fignre 2) aiid pla^mid Sep 7 



idisatioti wan carried 

i.x! d t B solntiOBr 2 3^ 



. S J 40% f o rmami da * 0 * V% 



c o nt a 1 n X nE a 



t&e iSS an€ 25 S ribosomal EEA 




10 



15 



ET ^ 



s of tiie 



h ivSfeb Bam Hl fragmexit carryini 
gene was released £^c^m the pla^mxd pMAJOO 
al. > 1984 > gupra) and purified on 1% low 
point agarose (Sxgma) > The jMsEI stickj 
fragment were filled in uBiMg dWS^B and 

t:he .FDll gaBa then eiife cloned into t fee SlSSX^Bi^ 

sites Aitkin the ppijlinker of the piasmid pUClS. 
Fiaailj, the f illed-in BsmSI f ragiaeat cpptaining the 

g^xie w§B 11 gated it^to a tjtiigtie EgpEy s^ite wit&iB 
tli^ coding s^egi^fi <Fl§:ure 3) . IJfee re^tritiiig 

sCii^Li^SIJ;^ allele liberated on a 3*0k& £lLlX*^'Ee,§KI 

s pnrif xed on lot? meltixjg agarose and xiaed to 
transform tfae diploid strain iSS332A to Hie^ 
protot rqpby laeing tlie litMtJtm acetate traaaf ormation 
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nxixtisre coBtaiiiing raxxdqmly f omed disiilf ide boii4s . 

It iJ prepared f roiis co^eteiailST available CSigiBa) 

bovine panereatic rifoOB'acl^a^e A by tba follpmtig 
ma tiiod > 

in 50 mtt TEIS^HGl buffer, i^ 8.6, a>9 M t^rea, 130 

ditkiotbreitol Capi^roximateiy 15--f old mol4^ excese 

of dlthiotiixaitoi p^er i:edt!cible disulfide boxids) at 

rattixe for IS to 20 feoxirs, or at SS"" 



t 



f o 



Isolate 3ted;ticed protein by acidif ieation of 
the teaction misefetsre to pH 4 witli glacial aeetic 

ate elution 
SepBtadax witb degassed 0. iM acetie ac 

HoTiitox: Biiited f raetionE at 280 ms> pool 
protein--containixig f ■raetioi^^:* and estimate protein 
concentratioxi ^itbe^ ^pectrop&otometrlcally or 
chamieallyn* iiaing uativa ribomtacl^asf A as the 
^tapSard . 

Dilute the sample of redueed ri 
abtmt O5S mg / ml mtii 0>1 H acetic acid- Md 0 
mea to giV^ a f iBal concei^tratioii o* IGM^ and 
^a^eo^ine faydroebloxida to O.IH <sar cosine is 
included to react with eyanate ionn that are p^raaemt 
iB coBcexjt; rated golmtioixs of urea aad can inactivate 
ribomicleas^ fey carbanv^iatiots) . Ad^met pH to 8 . 5 
with IH TRXS, and incubatt at ainblant temper attire for 
2 to 3 days in the dat3^> during ^ieh time tfee 

r this inclination, deteri^ixiatxo; 



^mn^B uBit^ 5 , 5 *>-ditbiobis; t acid) 
ahows t3<mMaXiQu to foe comgiete (less tfaat^ 0.1 ttm 
tfe i o 1 p s^x r i boxm c a s e ^moi b e ul e > , 

I?:ec6w^ tii€ a 0 If ambled ptoduet by 
acidic icatioa to pH witE glacial acetic ^cid a^d 
elation f rom Septra d €2?: 0.1 H acetic acxd. 

Fool fcJie fractioiaB eoxi:taijiing groteiiii, adj\:^0t to pH 8 
with 1 H TBJS, Btore at 4^C. 

Tte yield cf ^erambied riiboBt^cleaae felaroiigli 
ti;is jjrppedx^ire in typically 90-100%^ Th,e ^xoduc^ iu 
0tabl6 at in ^oliJtxon f or up to 6 months or , 

alternatively, may ba dialymad itito 50 MH^/HCOg, 

7. 8, aM then iyoEMiiEed, yielding a ^hita fluffy 
s^lid that may fee stored md^finit^Xy at - EO'^G. 



The substrate* scrambled riboxmclaa^e, la 
essentially inactive Ib the hydi^olytie cieawge of 
high-mole ctxiar— weight BMA^ haviag aboiit 2% of the 
activity 0f nat^ rifcoaixcXeaee . The action of i*BX 
in catalysing interchange of ititBt^ bm^ 
intramDleetilar disulf idesf in Ecrambled riboniiclaase 
results in regltm of the n^ti^re dx^ulfid^ pairing* 
jiati^e ediif osmatiDn mtd coneomitant retn^rn of 
ribtin'aclease activity agaixx^t BMAv Tl^g * the 
acti'^itv of PSI is assayed fey a time-^courpe 
itxcuMtion dx^ring which aliqnotf are iemo^red axid 
rihonmeleai^e activity toward EKA is measured* 

The aampie of protein disulf ide-i^dmem i^ 
added to 50 niH sodium phosphate buffer , 7\ 5 f to a 
£inal yolt^e of 900 ^1 and pteitienfeated with 19*^'^ M 




IS 



30 



ditfaiothreital (10 ill of 1 ml4 atock ^olutxoB, maae 
fresb daily) fox 2 to 3 mimtes at 3Q^e< TKIS-HGl 



al>o\2t 25% lower 



act rvi ti 



is then ^tarteci 



additioti of a 100 |il aligxjot of rambled 
rifcon:aelaa0e (Q,5 mg/iEl st0Cl: eoiiitioa Ib 10 isH 
acefeic aeid . made f r^s& daily) * and tfae imeubat 
miKt\are is maiBtaiaed at 30 ^G< Fo;e; wrk cm a smaller 
^cale, the vpiumas above can be tBdnc^d iO-fold, to 
gi%^e a f inal B,mw ^^^^Mme o£ lOQ |ii . Aliguots of 10 
|il are r emowxi at 0 . 5 mintites and tftem at 2 to 3 
minute intervals fox: to IS mixrat es > to assay for 
tte rsactivation of Bcranibl^d xifoomsclease* Eacli 

ed to an as^av mixture of 3 



al x^jtibt lOTne^^ 

ex <S0 ibH 



^^ S--BG1 buf f er , ^ 



7.S 




mitt 



) is 



5 MgCl^> containing 0.25 mg of faigbly 
pDl^rmexxised yeast EMA (50 p.! of 5 mg/ml stock 
solutioB) , in a guart^ ci^vette greviotiBly 
e^jijiXlbrated at WC> Eibopmc lease activity is 
monitored at 3CI^C nBixxg ttie d^al«-wa%reletsig:tfe mode of a 

nm>, and measuring change iti A2go r^^Iatiw to A2go 
CAA) . The rate of Bi?^. 
constant over, 1*5 to 2 minutes; a 
veirsus time of witMrawal of tke p.ligiiot f rom 
incmbation is linear for np to IS minuter 
gradieM of tbis linear portion of the time eonrae 
{Ah mixT^ mxtrH iB caioulafced by lixieat tegi^essxoa 
axialysis of triplicate assays (witfe correlation 
coefficient roirtinely x 0*^^) ^tid talsieii a^ a 38easw€ 
of protelB ^isuif ida--l0opiex:asfe activ^ity . 
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Goxitx^ol incubat ipBB are performed omitting 
enasfme sample to meaaiire tl^e rate of 3tOBeBE5?matlc 
reaotiwtxon of scrambled riBoiiuoiea^^ l^y 
ditihlotlixetoil alone , These rates ax^e unnB^llj Ibbb 

aiid are s^fetx:act€^ in 

the calteiilatioB of the gcoteij^ disixlf ide-isomaras 
acti'^ities of en^yss^a aamgl^^. 

Que miit of ptotein diBnltid^^^ 
activity 1^ def inef as th^ amoi^nt cataly^ixig 
reactivatioB of scrambled ribonuclea^e at a rate of 
one xthotmcleme mxit pm mitmtet one riboBiUcleaBe 
tinit 10 defined aa tfee amotmt prodiicxng a chamge in 
^Zm ^^Isitlve to P^2BQ ^ ad^orfeaBee ynxt per minute 
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30 




Gon^t ruction of vectos:a for integration of PBX 

A Tector constrt^cted for integtation at 
according to tlte f qlio^^ing pxocedxjre. Tlie 
id gtiCIS digested Mtth EilidlXI 
iineat vectot f tagM^nt was gel-pts-rif led ^ 
f ragment wa^, ti^en digesteci with IgjjEI 
reuniting 2/7 kbp i^EI-limdXII yeotor fra^ 
gei-piirif ied , Tfee pi^rif ied f ragment was then ligatfd 
with the f ollo^iBg 83^nthetic oiigomoieoti4e : 

3 ^-CSCCSCJCGT^CSMCGCCS^^ < SEQ > ID . MO * : 7 ) 

^hioh contain^s ari E^i^RI co&etlve end > Mafcl ^ite, 
HindlXI sitev IJotX a tee , and Sj^dXII cohe^ i^e^ in 
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PCT/VS93/0S31; 



- 43 



20 



25 



30 



that ©rdesr. The resiating piasraxd , ftTC-Bot^ eontsms 
a uniatie Hiadlll gite wMicli is ijBme<Siately blanked on 

A plaamid for target ting of e^spreEsipm 
oasB^ttaa to integrata t^e 2M3 loc^xe was 
const rMted as described below < me soiarca of 
yea^t gene was tlie 1.1 kbp HlEilXI fragiHeiit 

YEglQ J;Parent , S<A> et;. JUL> v 1985 , least , 1, 
pf.S3-^i3Bl> Tbe ^la^mxd pUG-Hot warn ^igerted Mth 
Hindxri> depboapborylated witlx ealf intestine 
alfeialine pho^pbatase , and li gated witli tEe 1.1 
Siixdlll I1M3 fragment, yielding t&e flamid 



torn 



A glasmid for targettiiig integration of 
^xpresaion cas^etteB to tlie LJJ,2 locys tms 
const^rticted f ollows . TEe pla^mid XIpfeOQ [Barnes 
B.A. aBd l^horney; 1966, Mol* Cell> Bioi*^: 

pp. 2828-^28383 fe^aring tlie yaaet gene was 

digested with I^qEI plus Hindi II and the fcbp 
McoEX-ainaill fragment bearing tfe^ gei:se was 

cloned into pisei9 ^ich had been pra^ioia^ly aige#; 
with Es^El f EisdXIX , jieldiAg pUKClll. ThiB 
pla^mid ^as t&eii digested witli £smll v^Imb IgJ 
the 3.7 febp Bmll-lslli fragment bearing the ME2 
gene ti^^ gel-pnr if l ed and m^^de f insh-ended * 
jpUC'-Hot digested witb iMdlXI , dephosgfeorylated 
witk calf intestine al1<:.aline gliosphatase , made 



f ln gh--ended and then li gat ed wi th the 3 . 7 
fragment. The resxAlting plaBmid with 
strmctnre t^ae dfesi 



A e^cond sector for iBtegratioii at was 
also coneti^iicted . The plaBmxd Ylp600 aigest-ed 
with Mml and tfie 3.G Kb^ gcol fra^gMex^t fe^^atir^g a 
ta^jor g^brtion of the Ljg2 protein coding segtience was 
g^l-ptirif led and made f iu^lx-ended. The ^la^niid pUClS 
was digested witb MaSIs ma^e flti^fa-- ended > an<l 
Xl^ated with the 3.S kbf LISZ fragment, yieidiag t&e 

EXAMPLE S 



5 



25 



3Q 



CoBrtriictxon of TeaBt Straxtis Which Oy;erpr< 
gljl fo^sd to y^a^fc aliplia f actox secx^iLO^r:^ 

*^^e aouroe of tlxa human 3?DI coding ^ 



C 6 m; 



ma the ovei: lapping partial cpMA e i one e p210 and f i 
deacrihed by Fihiajaniemi^ , ^npra) . I'&e 

0*45 kbp Si^QKI-£gt,I fragment from p210 #ilc^ carrier 
the S ^-texmimtB of the liumaii eSI^ was w 
into pUpiS^ yieldi^S glaEmid gUKClSOx Jlasmii 
pOKCISO i^^g then digested with BcaEl g itss 



B 



6Sr 



a xn tne 

rfe^ulting 3 * 
-piirifi 




ion corresponding to 

kfop sector backbone f ragmaiit was 
iigated with an oiigormeleotide 



♦ 



ad apt ex: haYing the ^trijietnre 

This adapter reconstitufces the 5- end of the i^afetii^e 
FBI coding B^Qi^eBce contaixis a EifidlX aite 1b 
a nositioii to allow the precise fusion 



mature teman FBI ^egxj^ence to a dea 
1 e a d e t s egti en^ e > 



seer 




Tke resmlting plassnid » plJKC159> was ttmn 
ilgeated with £it.I , txeated witU calf intBBtin^ 

Esi;I--E£tX f tagm^xit f rom 



i h i a j an i i 



li* , 1987 J stij^ra) i?^hicli carrier the tesigaipder of t&e 
litsman F3>I codiBg aeqiiemce* yielding pi a amid gtJKqi&Q, 
FlaBmd p«i:C160 was tJien digest eel mth liadll C^ich 
cxxtB uithin the aforementioned oligo adapter) 
foilOHed hy digestion with gindlll . The resulting 
1 .9 kbp EijadXI-MsdIII fragment bearing the mature 
htiman PBl coding ee^jnence ^a^ gel-ptirif ied and 
sitafecioned iBto piasmxd pC3S4 wfeieh toad been previoiaaly 
digested with :SM1 P^^^ 1^ <pGS4 carrieB tha 

yeast prowofcar ft^aed to ti^e a3.pfea mating f a^toi^ 

(MFai) pre--pro secretory leader seg^ence; S haw , 
J* ai. > 1988, Dm, 1. Ii7-X26> > Tfe.^ junction 
f ormed between the blunt ^^^ided SiMi Sisdll 
termixix reconstrtscta a precise in-frame fusion 
between the lls^l pxe-g i:o leader geguence and the 
ature portion of htsman FBI (reat^lting pla^mid was 

J Figtira 4) . 
The integratixig vector pKL 

(p1JC'-Noti--i^S2) was digested with SSaaJ J>lug 
made f It^sh^ex^ded by treatment witk PM^ 
polyseraie. Plasmid pPKGlfil ^as digested wi 
plus Siadlll ^nd the resmlting 2x8 kbp g&sEI 
fragment bearing the gM#10 promoter — alpha factor 
pre-pro leader hisman FBI e^siprea^ion cassette was 




gel--p^rif led and made flnah-ended by tr 



i\ polymerase* 



e 



1^ ^^^^''^ 



1 this expression cassette f 
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iigateci toiet&er assd the ligation mixt-uire wasf tjised: to 
txaasfo^m mil strain ATCC 35691, l^tsjasf ottaStsts 
'*fere. scE^eaed for tlsd^fe cont^MRiJiE m. piasssid with the 
ejected striacttire SJid tfc© r^suitiiig plasisid, 

pSX^-^HEai-h^PDI was prepared in 3.arge a^owts. Wh^ri 
digested witfc SOfeX. gHL-MFai--i:^I>I yi^^dg a 6.2 
ejcptession cassette f ianS?;ed cm either end by IMh 
seqpenca^ < t'he digested DMA xiBfA to trani^f orm S.- 
S^^^ESxlilAg. straia^ BJ199S aM jEXiSB uEing tfee 

Hat'l^ Acad> Sci> USA. 75. pB.1929--19m3 ^ AetlBg m 
a targeting de^ieer tiie loti end^ dlreetae! t&e 

wiiere tlie cassette integrated v^ia 
r ec om1> i ^a ti on * T r ans f o r mant s we re s c r 
^hiok grow on solid media coiifeainitig a 
a^ipic acid CShattoo, B<B > al> * im 

pp. Si ; Barnee and T&oxxier, If 86^ au^ra) > 
indicating the sti:#iBS are iy^"^> Soij t tier n blot 
analsr^if of the clonal iaoiatea nBing a i«XS2 f robe 
conf irmfd tfeat the expression cassette had x 
at tJie Mi.2 locn^. Ctoomasomai DMA prej^atatioiis 
digested with IgAII sixo^ed th^ ea:j*eeted sMft in sx^e 
5.0 to 1*8 kbp f:Dx tEe band i^bx^^^ Kitfa t&e 

The reaulting BJ199S and related 
strains coixtainixig the integrated expression cappett^ 
w^re designated BJ1995/alp1ia-^bFI)I and 
JE:rl88/alplia-^J:xKBi (etrain #1072A) reBpectiveljr , 



a-amii^o 
Genetics s 
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e bust rue*! 013^ of rea^t ^ tsralxis ^ioh s 




3?he PSI cDi^A clone pi (PiliiajlaBiemi et al . , 
1987, ^npra) wa^ digested wItE IstX and the 1. 5 fefep 
Bstl-F^tl fxagmeHt earr;^iBg the 3^— region oi the 
feiamaB PBX eDKA was gel-^purif iei < TMs fxagmfixt w^b 
then inserted int?) ti^e Egti site of pIMGtSO 
(aes'^x:ibed in E^sample 9 ab^ve) yxeldiixg the pla^mid 
fTMGlSl^ wfeich coBtaiBg the iixtact , fBll'-^ietigth i:mmaxj 
cDKA> ptIKClSl was digested with Ei^^ at>d 
ated with an aj^prDpriate oiigpnmcleofcide adapter 
iiig an IsoEI reeognition ^ett^ieBce) to 
i^dlXI site located at the 3^- 
to ap- ;is0iX 0ite s The res^xltix^g piaBmid , 
gil!IKC153 , contains the intact Iraman BSi: coding 
se^Benee ot> a 2.1 kfep ^iaE fragment . PI asm id 

wa^ digested with EcoE l fii^^s ll.tl. The 
resulting 0.47 kbp l^RX^l^I and 1.1 kfcp Esjfel-lss^X 



li 




fragments caxryiBg 
pl|C19 wa^ d;ig€^ted 

kbp vector fragmeBt waa gel-ptir if ied and 
with the a^oremeBtio^ed 0.47 |:hg S£S^X--£ 
f ragment . The ligation mixtiire wa^ usad to transf orm 



* c t i w V^i we 0 g e t i f i e d > 
pMB Eafc^; and tJie 2.7 

11^ ate 



1^ SiSLLi ^"P^^? 3S691. Flasmici BHA was prepared f xom 
tranaf ormantB eontalaing a plasmid with the expeetad 
striictexey thi^ wa^ digested with MSl p3.tiB Pcfcl 
and a 0>38 Kfep f ragmeat carrying the 5* -port ion of 
the human; s^gtience was gel-pn^rlf ied< 





3 



<Oiigo # 15165-249) 



4. 



OiigontscXeotides #15165-220 and 151&5~-249 
wexe ifiisi^sBd and thexi aimaaled wi%h oligomieleoti^es 
#151^5-221 and 15165-250, Kes^ectiwly , *E0 

f @|5tide s©t"^ence, the f oilowing ligation set upi 
tfes gUCi^ 2.7 i>fcp B.i^r-ls.QM f tagpeist was lig 
with tK« l v7 kb|> t^tl-^lmO WWI 3 '^f ragmgEit , 

liiiketB 151^5-220 pMs 15165-221. 



and 





CoH0 traction, of y^ast straixx^ which oc^airgrodtjce a 
C-termi^aX HDSL imatant of tomato BBI using the toman 

im,..m^xmg.s£.^SM^ ^ 

Xeast g-rDteins wliich axe reeident Ib the 
eBdDplaa:mic reticiiXum normally coT^taiti a C-teriiiinai 
SI)EL amino aeid s:^gi3ieBC;e ^ich tlve signal for 
?:et^ntio3i in the (P^lham, > 19BB msx^>- Xn 

contrast J Immati FBI a C-teriainal ijDEl^t ^fugtaence 



51 



<;jPiM&j&aieEW , ejt , 1987, whicli tes been 

preyiotisly sliown to fwnctios poorly foe tetfemtldn 
in veast (Lewis > M.xJ. j lit ,aX,y 199 Q, Cell^ 
pp.l3S9-»l36S)v "Tljeref or^s . it was aeslrea to 

G-^terminal KSEL was cliaiiged to HBBL , This was 

Tii^ two pla^mid^ ppG— ySP--liSl)I and 
gtlC-^hSP^fePBI (Example 9) were digested with MsEI and 

coxitaixiiiig vector aeqmeixees piiiB tMe -portion of 
tl>te hPDI seg^ence and a 0.5 kbp Ili^I-3£MX fragment 
cdxitaipiBg tfte middle pqrtioii of tfee tiPBI coding 
seg/aexice were gel-piixif ied * f ollowimg 

^ligotmcXeotide adapter was th^i^ ^yatl^esi^ed; 

Following anneal img q£ t&a two oiigo^ » tfeis 
adapter: wa0 digested ^ith (now jieMi^^^ 

and 001^00 ive ends:) and ligatad in tKo ^epaxats 

reactions mtM the 4 . 0 kbp l££EI--llygI -v^ectox 
f ragments eoBtai^it^g either the or 
S t-KSP-hPDI Begmei^eeH, xespactivaly . Tbe /^esiixltixig 
two piaamids wera then digest ad with MMoX aad ligated 



5.. 



15 



^itb the af oremeatioBed 0.5 fcbp l|ia3:--llig.I fragment 
containing the middle gortion of fclie hPBI coding 
aegpenee, yielding tfef pla;aml4S |>XTC'^SP--fePI)I^^^ 
and ptJ€>-hSP-liFDI<m)EL> , respecfei^eiy , inte whicli 
Xh^I f rag^p^Bt iiad inserted in the oorrect orient:ation 
to rec<3as^t j:t:§ct the taman JPDl eocli^^g segiiexice . 
two gla^mid^ were tfeeii digest witii BamHI axid 
tmo different 1.5 kbp MlsHX f ragments cai:rylng 
e3£|>ression cassettes Here gBl-pmrif ie^S and then 
inserted into the MmKI site of p401, yielding 
pIJC>-S4Ll Op-y SP^hFB (HBBl. ) and 

-^C-^GM^Sp-^hSW-^ ( HI5EL) , r a ^pe et i v^e ly . Tile s e two 
|)lasmid§ ware then digeBted witto SmaX^^ SeIjX 
ESiil- The resulting two 2.5 ,^bp ;SjgaI-Ss&^ fragments 
were gel--p\xrif xed , made f iu0h-eBded and then ligated 
with pXJC13-K£S2 which pre^io^al^r bad been dxgtated 
Witfe SIml and made f itsafe-anded * The resMting two 
pla^mida, pl^YS2^ySJ^-M*BI<HBE^ and 
pi;fS2«^liSF-lxP2)I(EDEL were liBearis^e^ by digestion 
witb a^^I pl^^ SmRT and than iiee<J iis seiai^ate 

ion of sti:ainB »Ji9t5 and 
^ were selected on ^olid 
na«-amino adipic acid . 

e:K;g r es s i on c as e 1 1 e iat e g r at ed 
at tke Lf g 2 loct^s were identif ieci by Soothe ri:^ blot 
ajialyBis of genomic BHA > The xegialting :Stx:ains M^re 
designated BJl995/ySF--hFI)X(MSEI.) , 

#1368) , and JEXlSB/hSF'-hPBI(HBlL^ #1267) . 



reactioiJ 
1 S 8 V 
ia c?: 
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hyB"^ trans: 
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C-teminal HKEL, hiimaii FBI using t lie yea^t 

a.lj>b^ factor secret or v:.„i^^ii^._ 

FlaBinid pU$CC161 <Figar6 4) was digested witi 
IsmHI pluB SLk&L and the 0.7 kfep BjagSI-^filiS^^^ 
beariiig the alpha factor gre- pro leader sequence 
S ^-segmtt of IxFBI wa^ gel-pmrif ied . The glamM 
ftJC-ySF-hFSICSDEL) Cdescxifeed in Example 11 > w 
digested with Clal and SqsHI and the 1 vD 
l21^I--l£oRI fragH^ent bearing the of 
with the G-terminmi HDBL modi^icatioxi was 
gel-ptiirif iad < pUS19 waa dis^^*^^^ with 1 



£isKX and the reBtilting t^^aetor fragip^mt wae 1| gated 
^ith both the 0.7 kb^ Bam EX- Gla X f r agme-rxt and the l.Q 
kbp Cial-BopEX f ragment to y:iald the piaamid 
pXJC-lcrq^l--hFPXCHBEI^> Thi^ p^laamid ^af digested w 
EamHI aad the 1.7 khp MffiK5C-M»S^ f^agmei^^ carrying 

casaatte t^aa gel -purified axM imserte^ 
^ l:SmKX Bite of the plasmid (I'igtire 6) , 

fielding the plasmid pgM?-W«35^1*"5xE*BI (H^ This 
plasMid wa^ then digested with the ensyme^ 

and EmmX Bmd the re^^ltiiig 2*6 
f ragmei^t: hearitxg the expre^eioB cassette wa^ 
gei-pij[rif ied and made fl^sh-ended. ^Che pUClS— 
vector was digested with Ihgl ^ made f tosb-etidad apd 
thexx ii gated with ttva abo^e 2 v 6 khf fXi^ph- fended 
fragment* The te3i^ltii:ig pia^mid, 
pi:;XS2-i4Focl-hPBICHI>EL) was digested with B^I plti^ 

J then e d fox transformation of atraias 



3RX1S8 and BJl9t5. The restilting tratigf orjnatits i<«ere 

da^eribed in Escample 9) fco conf irm th&t the desired 
e:scj>re0sion caa#Btt^ liad integrated at tfee LXS 2 lochia* 
Tfae jrEXlSS tranaf oxm^xxt cie^ignate<3 stiraii:^ #1279. 



20 



2S 



Gon^truction of yeast strains whicii ov^rexpres^ ttie 
yeast BDI protein from an integrated Bs^preision 

caBgette at^^^^l^^^ l0€ti^ ^ . 



TMe pla^mia C? <d^j^cribad in 



e 4) 

ring the complete yea^t £Bt 1 g^^e p^a^ digested 
witfe and: ti^^e 1.3 Kb^ fragment 

contaiuing the C-tWBiBa^ portion of the yea^t BM 
open teadimg frame (ORF) (from amino acid 223 to eBd 
of OEI^) j^Ms the 3 ^-npnt rm^XatM aet^anee ^as 
gel-ptirif ied and inter ted into tl^^e Esfi|t\r site of 
j>la^mid pA1:153 iftf^igg , A.©* and Sfaerratt, * 1980 
re , 283 , pp * 21&--2XSl , yielding ijtJi:C16 9 - Blasmid 
tfteti dig^^tad witix Banl Blng E^oR^ and tlie 
0.67 kbpf Iml^fiCSHV ^^a^gB^ent encoding amino acids 
6—22:2 of ti>e^ sreaBt :f Bl OEF was gel-^piir if ifd and 
11 gated with t&e f ollpwing ayntlietie oligoniacleotide 
adaptex^ : 



.<. 



j«- V" ** ."t" 
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w&ieh. contains BamSX axict MJlX colieaiw eads , 
respsctiyely , aad ©acodes amino acids "Of the 

^ . ... ... 

5 « -non t r ^ns 1 a t ed lea. d e r s ® f u enc e 
initiation codQxi is andejrlixied - ) The reguiting 0 , 7 
K&p SaisHI-lssM fxafaexxt was gel -pur if led a,ad t&en 
attbcioiied into pATlSB ^^Isich bad been ine-^io«sly 
digested «ith EcoK¥ pirn Mmi. yieidlBg the glasasid 

Blasmid pIXKC169 vfas digested with S£.s,m* aiid 
the r esiilt ing 1 . 3 &fep fragment bear iug 

the aforementioned C-tespinal portion 
was gel ™pia rifled and then inserted into 
EcDl¥ site of |>D:KeiTO thereby ^egenesating 



th^i intact 



and 



yeast 1?DX (yPDI) gene. Thie resulting piaBmi^i 

pWKCl75 MBM aigested with KgisJ^fl and tfea 
xe^t^ltixig 2*1 l^foF fragment bearing tbe yPBI gene waa 
made f Itiali-^anded aiid gel--pt^rif led > pUS19 was 
digested with Sac: I pirns Sml. tmde f Itish^- ended , 

4gati<^Ti mixture ^a# ii^ad to tri 
ceiia and tbe teBulting txaae^ormant^ 
^ f those eoataiBing glaBmid^ with the 
ia the approgriat^ oriexs^tatiom st^ck that 
a Siy^X ^it^ ia tfee pPGX^ golylixil^et was loeatai 
adjaceBt to the 3 ^ --e^d of tlie yFBX codiag se^^^^enee . 
AB a lamSI ^it^ already existed at ti^e S'^-end the 
ym>X CRT on the BcoHI fragment, t:bi0 e^**^ 
(desig^atea i^UCM-^yPSI ) tidw cdntai 



li gated with the 



fragment 
E. cDii 




12 



X 



a 1»9 Jifep BassHX f sagsa®; 



mt& BarnHX and t&e 1.9 BiieHI kbp fragment bearing the 
yFDI gene waa led and thea subclpxied into 

tfee BamHI o£ the veetor ^ClB-^MAQ^iB^mBlt 

<st0s:fe #401) (Fig^^^ v Tha reaultiBg pla^ti^id, 
plJ0i8~-GAI^iQp-yPBI-A^ (Figure ?) , stock #101S , 
Flagmid pG€18-<3ALiO|^-yFI)I— ABHlt; wag digested with 

Saai. IbIi2;> plisa g.^,Q.x aod tke 2.7 Ehp Smai--£El]|X 
f ragment earrying tke essgresaion cassette wa^ 
gel-puxif led » made fiis^b-^aB^^^^ ati4 cloixed i^fco 

the nniqnB ^ijil ^ite o£ pUiCClTl (|>ipCG171 eoataina the 
4*5 kb|> Si^aEX--lia4IIX X^S2 f ragment of XIpSOO (Barnes 
aiid I'&omer , 1986 , ^tipxa ) tts^belon^^d into pfltCl^ wliicb 
had be^B pir^vioiialy digea ted witfe l&olX plus 
Hind3:II > . Tl^e restJltiBg |»tIIKJ17l-SAi^l0^p vector 
was tJiem digested with E&sEI gliia Bv^XX to e^ci^e tlia 
MS2-liMii0p-y:EM:-AM.lt-i^ caa^etta wlxich was the^ 
^jBed to txaasf orm ii^xsviMj^g attain^ JM'ISS at^d 
B Jiffs. *ri^e resitaltii^g Ij^s^ txaasf ormant^ were 
emltjated b5^ Soiit&ern biota of gat^opic HEA 
preparationa as da^oxibad i^ B^ampl^ 9 . Xsolatea of 
each at3:aiii were f otmd which fead the GALlOp- yPSI 
cassette integrated at the LIS 2: lo cii 0 , Ttie resiiltipg; 
0traiiiB were derigi^ateci BJ1995/j;PDi: m4 JRTlBB/jFl>2 
C strain 




digested with ^I^b SssI (W deleta a portion of 

tfee S[SE3 gene) and feade £itish-"eii4ed v Fla^mid 
pWClB-<S^Ll05-yEDI-^ was digested with Eg^I^ 
Ssjtl and SMbX and the 2 , S 3?;bp E^iil-Sfilil f ragment 
bearing: the SAI^l()p-yP0I--ABSit ^sspresBion ca^ssatte was 
:gal--puri£iBd ^ ma^e f itish-anded^ and ligated Mitfe the 
above vector f ragmex^it , yielding the glaamid 
pmi^-G^LlOp^jrFSI . The tJEAS'-aALiOp-s^^M 
integrating cassette wag e^seised f rom pBn-GALiOg-yFBI 
by digestion with iQil < ^he re^til ting linear 
f ragment waa nsed to tran^^foxm yeasrt strain KEY107 < 
Ura^ tranef orMatits ^ete selected on Eolid media 
containing Itioto-orotie moid (Boeke Bi. » 
Mol * Sen . Gexxet * > iSl> 345) < 0enomic BHA f the 
refill ting ura"" t^an^f ormants waa digested with igllX 
amd evaiuated hy Sotithern blots ^i^ipg a radioiabelled 
^sB^X-l:gliXl f ragment f rom the SALiOf-yBSI-ABElt 
eassette aa i^xobe* IgoXatea wbtb identified which 
had integrated the da^ired GMjlOp--yPBI--iy3S:it 
ecHcgres^ion cassette at n&&3 - Isolate K-Jl bad 
smitiple copies iirfcagi^ated at C^t^aia #1X3&)\ 

Isolate It-y 3 had one c:o^y int^gt^ated at Cat rain 

• y. 

EmmiM 15 

lyaluation of l^BI grotein Levels .,In..^ 

Xeast strains were grotro in 3 3t XBFD ligtjid 
medium fo2^ 24 hoiits, at 23 ^G. Atter that period ^ 
c\iltu3res Mer0 giippleme^^ted with galactose to a final 
4/8^ conceBtratlon* The cuitiires were then 



5 8 ~- 
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3»e incubated at 23 '^C> fox a.n additional period of 24 
hours > Aitemati^alY , yeast Btraix^^ were ctiltiyated 
in 3 x JEW for 24 hotuxB at 30 *G . The eelis were 
har:vest^d aad was teed with coid sterile water > and 

im. T&e yeaet strains were incubated for a 
;£t5^:tiier period between 16 aind teot;£rs, after whicti, 
tfeey were harveated and protein e^ctraeted 



restiBpended in the game volime of 3 >: Y"^ 



IB 



20 



25 



30 



Proteins wiere extracted tt6m e^potseKtially 



glass be^; 



growing or statxoBary pEaBe cells tiaing 
diarBgtioB^ esaentialijr described by 

1: Proteiri was extracted by 



bead disri^ptioii of c^eli walls , in tiie presenca of 
i^HSF (0. Smi^l) in a 25mH pkoephate bijf f er pH 7 .0, 
followed by a f rae^e-tfeaw eye 1 e ^ and aplitbie protein 

L by cent r if legation for 10 minnte^: at 
Seciretioii wa0 initially assea^ed 
^pent cult tire liqiiid, either before 

? (solid) , ammoBitam 



^ eonc 




wi 



%}^ ox an 
E*rotein 



> X: a>i<^^ It t .£>.at 



cent 



ion wap detariExned 
metteod pf Bradford (1976^ Anal < Biocbem. ^ 72. > 
pp> 24S^2S4> < 

Mel^&ad_2; IntraceXlular sarn^la^ were 
prepared as ii^ method i> but the cultnre medinp 
sx:^ppi0m€nted with HaQH^ and p-nj^rcaptoetlxanol 
(respectively i final concent rat ioms? of 0 * 2M and IX} 
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left on ice for aboixt 10 xniimtea , after wfoicli TCA 
added to a f inal cot^cefit ration of 6^* Af ter 30 
mimttea staisdiBS; on ice, prDtein wa^ recovered by 
cBBtxiftigatlon » warned ^ith cold aaetoi;$€ a3^d 
xefusp^aded in SBS-i*AGE iaading f #r . 

SOpg of total ^oi^ble groteiB wa^ a-nalysed 
bv on^ dimensioxiai SDS-FME (121 B0l^^crylamide) arid 
Soomassie bit^e staining essentially as: deacrib^a by 
SctoitE Ml &1> * (198? , Oeae , 14 > pp <113— 23) . 

llecti:oplioresie was comdiactad uxidax tlie 
f ollowing coxiditiOBs: 10% SI)S-;poi3racrylamide gel^ 
and iOp.g protein loaded pet laxife (ffroteiti e^stra^ct ion 
method 1) * Sigma preataisied weight 
atandaxdH wexe xiiB in> all the geip- SeXs ware riixx ixi 
a BioEad mini -Protein II Eel BYst^m. E3£:txacelluiar 
e^stracta were loaded at i5>-20|ii per lane ^ without 
estimating pxoteia cone^Bfci^ation. VDlta^|,e was kegt 
below 200 volts teriiig eleetro|>korB§^iB * 

Proteins w^re transf erred to nitroceiltilo^e $ 
ixsiBg a Biomet^a seml^rdry MB^t^Tu blot system. 
MitrocelXtilo^e isemferi^tie^ were bl^pc^ed with 5^ (^/v) 
l^ovdered mi IK for orie hoi^r, waehed* iucitfoat^d witfe 
anti limman>»FBI polyelonai antibody for b^^t^een 3 
hoiirs to overnight* at dilntioBB irangiag from li;500 
to 1:750. Hembxanes were washed ^p^l 
perDxidase-coajugMted anti-rabbit IgG was added at a 
finai dilution of 1:1000, and incubafcioB contiiiued 
for one hour . After wshing the felots^ were deyelopsed 
uaing an Aiiieraham BCL Iclt :ar de§eril>ed by the 
maniif actt3 t;er * 



6 



0 



10 



15 



Initial assays showed that strain X072A 
x^TQ^dncBd secreted bPSI at levels detectable fey 
Wee tern blot . Tfee level of S^teetion ^ae O.Q5|ig of 
fisrifiea bov^ine FBI by tbe KCL protocol employed. 
TM^ secreted BBX shown to be a dimer siiice it 
waa retained W ^ -^00 lU)a c^t-of f t^ltraf iitration 
mes^bxane* WlieB strain W72A and it a corresgOBdiHg 
HDSL variaiit (1279) were compared, it was fomid tfeat 
tba buman EPI mm secreted by both . Ixi tbi^ 

tbe f i iia X 1 1 e / indts c t i db coud i t i ons 



experxpetit 

were o|>timised in term^ of temperature ^""G) of growth 
and indtiction per iod > l:lae two straiii^ ^Uowed a 

' ■ ■ ■ -u^.* ■ ■ ■ ■ ■ ■ 

Mgber lewi of FDI s^tiitiie^iB wh^n t^xiltivated at 23 
and timn induced for 16 hotirs at 30'^0, ox whe 
eti It iva ted and induced at 30^0, f or l(y hontB 



20 



^5 



30 



S^reparation of m "sector 



»» »»>■»»»»»■ 



i^fc^sin is a potent p tote in xiilia.bi1 
ttoe blood coagulation Factor 3£a. ^ti statin (ATg) 
was isolated ^f xom tbe ^ali^ary glands of tka Mexican 
l^eeh la^^Mi^ExM officinalis (Hutt> ^ ai> > 19B8 
J . Bioi. Cbem . , IM, gj^ * 1016 10^1^^ The 
enooding ATS waf Epbse^iiently igolat^d and 
eharactarised by Eaa, J. H> Ml <19Sf , Gane, 
pp. 47^57). ATS IE an idea:! reporter protein for the 
eva illation of tlie ef f ec^ts of incxea^^ed lexmls of B©I 
activity on: the folding and formation of proper 
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disqMid^ bonds in. a heterologotia protein secreted bj 
recombinant since ATS B.as 10 4iBulfi<ie bo^ds 

wfeich miiBt be correctly paired in order for the 
protein to ha^v^^ MolQgical activity. 

4^TS wa^ a3?:pxese€d in yea^ t us ing the 
e5£:prea#ioxi sector |>KH4a2 CJacobson> M*A< ^ * 
19BB ^ Geiie ^ SJ^^ pp . Sli-^5I6 ) , wfeich eontaiiis the 
galacto0e-ipdt£cifele px:am<>>tex aad the yeast 

L pra-prp secretory leader ^egi^t^ence to direct 



secretion of het^i^ologoms protains. The coding 



I 



areqipeBee £or AX5> was i^o^at^a polymerase cuaxn 
reaction (PCE) metliods ti^iBg; subcioned ATS cBI?A f rom 
clone XSG--* <San, 3. M. ? stipsa) as safest rate 



5 ' --ATATaGATeGTGTCf TTSG^TAAAAG&GAAGGAC 
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Both primers eotrfcain a B^mHX ^s^ite to f aeilitafce 
^yfeeioBiiig of tiie PCH p^o4tict. Tke first primer 
iaa^tt^ a ye^^t lgX2 y^cF eBdopxo tease cleayage ^ite 
ihyB--Azg) terminal to tlie f ir:Bt amBO aeid re#idiie 
of mature (the yea^t y^cF etidoprot^a^e el eaves on 
the C-terminal side of the I^^s- Arg site in tliia 
^eqneBce). The ?CR product digested Mth EssiEI 

geX-pn r if i ed ^ Mnd tfeen 1 i gat ed itxt o BamHI i g e e fc e d 
gKH4a2 to yield ^0M^^/ms (KStl) (Fignire S), Thi^ 
e^pres^ion vector was then u^sed to trans form 



wo 93/2S#m 
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20 



yeast lio^t ^tyaijaa listed in Table 1 using tke 
sgh^copla^t method (Hiimem , mi. > 1978, mgm) ^ 

Trans fo^maxite were selected on tyntlxetic 
solid mgSia laekiBg iBucirife (Sctelts, h< et . 
1987; Seiie, 41 > pp. 123^133) ani a tweaked for c 
isoiates v?^^ were used xb ei^bsegtaeiit aiiai^^^sas 
Strains wBre p:reEer^«d by storage at -Ip^C in 
syvitimti^ »edia coptaiia|xxg 11% glycerol. 
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TABLB 1 



10 



15 




-^11 . JL 1^ 

1175 

1294 
1 

1177 
lis 6 
1154 



239 



lis? 

1148 

12&7 
1268 

S2 



1137 



none 



a 



a Iplm-bBBI (HDBL ) 

none 
V 



i.«jf. 



2Q 



ca^ settee sti:ains are deBcri 
liBDiCSDEL}, Bsrajrsiple It; alpha-- 




the K99X aiifci^taein 
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Tlie K9f l-ttan^ferised parental JRXISB sti^ain 
pltia the vaxiot^a transformed 4exi\^ative-3 w&icli 

for ^acretioxs of anti^t:^siH by the foiiowing 
grocatere. tPbe itvdleated strains were streaked from 
the — JQ'^C fxQ^^n giyceroX BtpcM^n onto le^cine--mi3:^^^ 
aj^^nthetic agar plat^e^ aBd gxmm for 3 daya at 30 
Gulture tiabe^ (18 ISO snin) containing 5-mL of 3^EHD 
r&Qg Mf CO yeast extract. 30g BySoy ge|>toxia, 48 g 
glnco^e get liter] media wfre iapcylated with a small 



XoopftiX of eell^ and iBCtibated for about IB honm at 
23 ""C on a tissue ci^ltBr^ rpliax dxum* At tfai^ stage > 
0^110 were i^^dMced by the MdltioB of galac1:ose to a 
fiaaa. eonoeixtration of A. 81 (w/y) and the ci^ltuxea 
were inciib^ted for an additional S day$ at 23 ^C. 
Cells i^ere than harvest fd by centrif ugation and tbe 
clarif ied media superx|atant wa^ retained for assay of 
antistasin acti^'^ity, wMefe was measured by inbibitioii 
of J*actor Xa activity [lltxtt > Sfc * 19Sp , 
stigra] . The. exj>erlnieiit m# coMticted in tr iflicafee 
and restilts are ansmajrised in Table 2. 



PCr/US93/05318 



i:aele„..2. 



JRX188/ySF~1iFI)I 



Strain ng ATS per 1.0 OB Relative 



JRYISS 25 . 6 1 > G 

JETl88/hSP-»hPDI 24.4 0>95 



28.4 1,11 



JRT1S8/ alpha-bPDI 77.2 3.0 

JRY188/yPDI 65.1 2 . 54 



Evalution of Antistasia Secretion by JR1188 and 
related Strains which Overproduce HSEL Miitant x^ersion 

O f ll'U Hil3>n ..^^^^ ^vwv -^■^-■•----- ■ ^ >..,K^.^>^->:^-^w^> . w^.^ M ....., ^ -^-^'»» 

The O91-transfo£med J.Rri88 and transformed 
derivative strains which overproduce the HBEL mutant 
-v'ersion of human FBI with the three different 
secretory leaders were grown as described in Escample 
1? and the clarified media siipernatasits were 
evaluated for the levels of secreted ATS by the 
Factor Xa inhibition assay as described in Example 
17. The results are presented in Table 3. 



/2S676 



pci'/vsmQSMn 



strain xig ATS per 1,0 OP Relative 

^^^^^^^^^^^^ ^ i 

JRT188 IS.O 1.0 

JRYi88/hSP~hFBI(HDEL> 27,5 1.53 

JRTlS8/ySP"-hPBI (HBEI.) 29,3 1 . 63 

JRTlSS/aipJia-iiPDKHDEL) 31.3 1,74 



Secretion of Antistasin by yeast strain KHYX07 and 

Tiie K991-txansf ormed K2X107 and its 
traBeformed derivatives whicli ovexproduce yeast PDX 
were grown i^p and clarified media Hupernataats were 
evaltsated for the levels of aecreted i\TS by Factor la 

s 

inhibition assay as described in Example 17. Tfee 
results are ^iismari^ed in Table 4. 
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TABLE 4 



S 



10 



KHflO? Al 
KaXXQ? A2 
KHY107 A3 



0,314 
0 < 244 
G .334 



9 



24 



p . 013 
0 . 010 
d . 013 



1 



-11 A3 



1 168 
1. 469 
1 .483 



24,8 
25.3 



0 . 067 
Q , 059 



i:-i:3 A3 



3 * 6 
2 . 144 

X * ^ ^ 0 



9,0 



51 



48.0 



Ov099 
Q>042 
0< 040 



K-Il is PillpT mltit^^^ copies BAL^-^DI at 

JjS«¥3 IB KHtiOT with ^irtgle copy 0M*-yB»I at liM3- 
Al, AZ B.n4 ft3 refer to dif fet^tit eX^nal isoXat^^s o£ 
tiie indieated ^traitt ai/aii;^at^«i in parallel . 
Qvex6>:s:pxe0jsiOB of yeast PDI r^st^lts 4-f old higliet 
seoxatioB of AtPS aetivity on a ger oell basis ^ aad 
about old feigl^er ^ecretioxi oa voXiimetric bas i s for 
i ablate > 
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CoBStr^ctipa of yeast feoet 0t:*i^iA^ ^fei:tc& OTerprc^dixce 
either ¥east PDI ot trumaa FBI f rom a imltico^y 

Tfee limit it:: opy yeaet slitrt tlB vect ot: lBg24 
CBot0t0iB » B v St Jl.v> 1^79^ 0erie> 8^ pp . 17-^24) 
contaiBs tfee yeaat l-mxcron origin of repiieation 
aiid tka yeaBt iJM3 geBe for selection on uTaeil--min^ 
syntiietia media.- TSp24 was digested mtfe B^sJIX and 
tim zmnX^in^ 7<B |vbp BamHI vector fragment was 
g^i--pt:ir if ie^ <f ragsient a) . The plaemd 
pUC18-GAL10p--yPl>X--Ami (flOlS) ^ae digested wxtfe 



jft T" *' 



I f iragment t^ea^riiig the Ml^lGp-y^S^-^^SSit 
extsresaion cassette was g^i j^urifiad (fragmeBt h). 
BXaamid plTKCiSl wae dig#atad with piB0 
atid the E>S kb^ Ssa^I-Msd f ragaant feaa^ing tke 
SALlp— MFai pre-prQ--tamaB PCX axpra^sion cassette 
was gel piirifiad Cf^agm^^t c) . The above three 
fragments were made flu^i-^ended and then ligated 
toEeth^r aa f ollows : CD vector f rag^ 



t fe i^ere xigat 



t0g 




TEg24-SAL10B^y^^^ (Figure 9); (2) vector fragment 
and f ragMei^t were iigated togetiiex to jield tha 
plaamid YEp24^C3^Llp-i4t<^^ (Figure 10) . 

Large-scale OsC pragarations of the two resfulting 
plaamid DHAs ware made. In two separate 
txaii^f ormation reactions, the yea^t strain JKIXSS was 
cotraixEf ormed with the ATS expression ^^etor 
^Sscample 16) and eltiier ^SEg24--<MLiQp-3?FI5I or 



Ylp2%-^QALlj^>-Mra--lx]^m . Tr^nsf ormSxits containing botii 
piaemida were seiected on synthetic me«3ia lackmg 
botli leiicine ^nd uracil and isolated single colonies 
MBtB xestr0afe:ed on fMm same media foi- ^eleetioji of 
eiomal isoiates. Fiw ^tich clonal isMam eacli 
of the two oriiiijal cot raBs format ions ^ere inoculated 
into 5 mi of 3%IEHJ) meditsm in cnltOTe tiafces and 
iiicubated f or 24 tor at 23 in a tisBtJie cult^ire 
roller dsriim. At tlie ^nd of that time , galactose w^b 
ad dad to a final concentration of 4. 8% and the 
cultBre^ were itio^i bated for an ad^litional 5 days at 
23^ C. GelX were removed by cent rifmgat ion and the 
clarified Media stipexnatant^ ^a^e assayed for the 
ieyela of ATS aoti^ity 1>y the Factor Za iniiihition 
a^say s The contran^f oi:i9^nts ^ich cbntaiixed tha 
XB|>2^-^GALias^--yPB^ plasmid E^ias the ATS e5s:preeBion 
wctor showed 3-- to 26-f old higher levels of secreted 
ATS aeti^ity, depending on the isolate, compared to 
the parental JRI188 strain containing only the ATS 
e^^prea^ioB i^^ector> The contransf otmants containing 
the YEf 24^S^^ip-4SF«Xv- pla^i^id ^lUB the M?S 
e3£pres^ion vector showed 2-^ to 3--f old high^:?: levels 
of sectieteid m:S aotivity CDmpared to th^ j^arental 
smiBB nttairi containing oniy the ATS assprea^ion 
vector * 




aame exg reesion sector u^ed for Bxpreeaion of a 

j:M,,Jm jg^ feg-Q:^ g protein. , 

c e r i e i a ^ S&Ll and ^MA .Q geneB ar e 
transaxibed diwirge^ f rom a xegioi^ bet^mea the two 
strisctBraX genes wfeich contaiB.^ tlie diwrgent S^l^l 
aiid iSMjlQ prompters and a commoa gAL4 blixdiiig domain 
loe^tad between the TATA bo^ea for the two 
p r oiED t e X B >■ Tiie g 1 asm i d pBM2 ? 2 ( j ohn ^ t on , H > and 
Pavia, B., 1984, Moi. Cell. Bioi>, 4, gp.l440) 
contains thi$ divergent yeast fiM:*i-fiM.lQ promoter on 
a 0< S5 kbp IcoEX^-Eindlll f ragmeBt Cwith also an 
iBtemal BaMHI site ad jaceBt to tlie Hindlll Exte) . 
Tfeis t>roiBOter f ragment mB used to eonsitrmct a 
divergent promoter cassette vector * pUC-SALl/lOs 
whicli ha^ the folloi^i^g properties : yeaat Mi^lO 
promot er ^egarate<l £ torn the yeaat ADHI t^aascr iE^t ion 
temiBator l^bp lisdllX-Safe^; f x^agmemt) fey iini^e 

EcoR X and ^iLal sitea> in t&at ordei:> Xea^t SALeI 
grpmofcer separated f rom a aecond copy of tlie ^ESX 
transeription fe^minator hy nttiftie MmHI Mlidllt 
0ites . trhe 3 * -end of feot:h termi^atot^ elements 

are f ianlsied by ^ites to allot^r ope to i aolat^ the 

entire divetgetrfc promoter expxe^aion eassette as an 
SgijI f ragment > Tn^ sector backboixe in tMg plaamid 
xB pUCXS wltb tlie afeo^e e:s:|)3:ea^ion caa^ette in plape 
0$ tka folyiinfe;ar> 

Tfee piasmid pllC-GALl/lG was digested with 
ImisHI and gel--gBrif ied to generate fragment ''a^^ the 
plasmid pXJi;C161 digested i^ith lasSl am4 the 1*9 
Kfep MmHl fragment hearing the alpha factor f re-pro 
leader f^ged in-^f rame to the mafctsre hitman FDI coding 



t 



aegu^Bce ^as gel-purifiea amd ligafced to sector 
f ragment a ^ yielding the plasmid pUC-GMA/W-W^X^ itx 
which the expression of the alpfeka factor 
pre- pro— feFBI f uSlqii is mdfer cmitroi of tfee 
promoter. T&e pla^mid pUClS-O^LIOp-jE^BX-^ 
i^S&cample 13) digestBd with B^ffiHI asxd the 
resiiiting 1.7 KbB Isisgl f ragmea^t bearijig t&e 
BBI codixig seqyeiice wa^ gel--purif ied aad then li 
Kith tor fragment a> yielding tb^ plaamid 
^m-GMA /IQ-^mX in wlxich the QALl propotar directs 
the a3:pxesBiDB of ye^^t PDX . The^e two r estilting 
plasmids were than digested witb. IsaEX and made 
f ltish--etided, yielding sector f ragmeBt^ b atid e 

^FDI caa sett m . ^mu^BCt i^eiy . 



bear itiE 



Tfee A^S expression ^ec^ 
witli SalX j 



< K9 91> Mm 



^ c«i' .r rt 



a agllX and the SalX-^l^XZ 
fragnsatit beating the alpha factor pre-pro leader 
fn^ed in-£rame to ti^e co4iag sagi^anee for mature AIS 
waa gel-gnr if ied » made f lxish--eBded, and ii gated iM 
separate xeactiona to tht two fi^sh-^endad wctox 
fragmente and c . The xeaultiBg piaasalds mth the 
correct etrt4cti3re as de 

mapping ^ere deBigmated p1JC-(MLi/lC3-hPBI/^ (Figt^te 

i-v^ely- The^e tno piasmids were th^^n digeate# 
thX to iihera^te the express ioa cassettes ^pd 
the f ragments he a3:i^^ either the hPDI-- or 
ytUI-r elated escpre^sion casBette were ligated with 
tha yeast ektxttle vector pCl/1 (RD^enherg^ S * ^I.- 
ISS^ , Mature . m> pp.T7--S0> ^ich 
previously digest 





requiting fcwD giaamids , pCl/l-GALl/lO-hPB^ and 
pCl/l^aALI/lO-yFm^ in mich the ATS and 

PSI "related expressioB cas^sattes i^^ete pres^snt cm tj 
aama higin cdpj^— titimfo^r Tecfcoir ijixder coxxtirol of tke 

promoters respectively * 
^iie^e mQ escpre^sion vectors werB then tased 
to t3t ana form yea stxaiBS JpI108 * BJ>l995v #nd ot&e^ 
exii table yeast iioet strain 



!r r aas £ o mant a war ^ 



eieeted on l&xcin^-mitmB media ^nS the t^esuitiiig 
txausf pxmaxxt0 ^ere evaluated for e3£|?reasioB/^ecretioB 
of ATS aftd FPI as described Ixi tfee pxecediixg examples 



The result a preBettted in 1 



5 (fee low) 



; e a #ixi efe 0"^e rpr o dii c 0 liFDI 



clearly whow tfeat tlie 
Secrete several-fold Mgher 1 
the control sstrait^ which coBtained only pj34€£2/ ATS . 
ig^uxthexmoxe, the iaolate^ which ovarpro<iiic:e yeast PSI 
secreted, 3-- to old higher levels of ^Btistasin 
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s coBtxol stxaxxi 
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TABI>S S 



Isolate 



I' 



1 

2 



3 



Isolate 4 
Isolate 5 



4 . 7 
3 .9 



5 



Isolate 2 
Isolate 3 



3 V 9 



* 



cont r o 1 



3^ ^ -t^^ 



^^ieias f or 5 gO0t-iB*uetion at ^3*C 



10 



IS 




aerature on 



T 



of 



Selected isolates of strain J^iSS 

;i>ip4a2//i3:S and aitfaair S|^a4^SALig-HF€c-hPI)I ox 
XEp24--GALl0p-yi'DI were eva.liitatad f ox antiBtasiB 
secretloix after growtb at eittier Z$''C or SG^'C^ 
parent strain JEflBS transformed only with fclie 
anti^tasin e^^pr^^sion vector waa grt^wn in para 
After o^erBight growtk in Ss^HB medium at either 
23^€ or 30*C , ceil cultures were induced by the 
additi^^n of galactose to a f iBai eoneeiitration of 
4>S% and ^xopagated f or an aMitionai fiw da^^^ at 
eitjier 23^5 or 30 G ^ as aj?pragriate, Me4ia sample? 
MaxTes^ted at 3 to 5 dayH poBtr-lndxaetion were 
evaltiated for ImmlB of secreted anti^ta^ip by the 
tactpi: JCa inhibit xob aBsay. The raaylts pxeE exited 
TaMe & clearly ^l^ow that atitiBtaEixi expression i^ 
rignif ioantly higfeer at 23^C than at 30*^0 for ail 
isolatej^ overescj^re^s^ing ^PI^ hi^tli at 3 S 4Byw 
t>o0t— indti c t i oa < 



in 



30 



... 7 

V 
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Ant i s t i a ( mg 7W 



10 



1 



1 



r> i'*^ 



JRY188 
'©X~2 



COBttOl 



ro 



23 



23 



0,83 



3 



30 
3Q 



1 



> 14 



3 .00 
0 . 38 



0 . 49 
0 , 34 



2.ii 



2 * 68 



10<25 



0. 



p .47 
0.47 
4 . 65 

2 '^ S 

0 . 30 



i^^Thw v^t iouB hWl>X isolat^B cdntaixisd both t&a 
ant i statin ei^re^sion vector aiii 
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f ecretion of tick 

Tick ant I 
potent^ higliXy ^eles 



icaagijlant peptide ( 

b peptide iT^y 
xve inhibitor of tbe 



toy 




biooa 



FCn7iUS93/< 



16 - 



15 



30 



eoagijlat ipsx f actor ^C^^^^ I^. SS. al- * 

protease iiihil>itor isolated f £dm -the tick Cir^iybLi: 

TAP is cqm^ou^^ of SO assino acids Includixii 
6 c:y;^t!eiiie residues <Wa^sii si: f l^^O? sup^a) 
he0n eacpressed in yeast using the exEsresssioj^ 
2i:or |>KH^-Ti^ which coxitaisis tfee galactose-ix^dmcible 
fi&yj. psroiBaoter axid tfee yeast IJIM. |fxe~pxo pecietory 
leades? seqtieaee fused iji frame to tli^ synthetic gene 
Bxxc&dim I^AF {Keeper , M. M;. al- » WQ . BioX , Chea. * 

modi^i^d MFal pre-pxD leader set^exiee dtae to tB^ 
preseBca of a lasHX cioniBg Bit^ located at 
position of amiBO acid 79 of tfee pxe-pxo le. 

.jH^ ... 

(Sees^er al> 1990 > supra) . 

A TAP e3s:pt:aBSioxx vector , ^ 

wasi cop^trtaeted ^hich contains ttee atitfeentic 
pre-fro leader ^at^emce f^isM in-f ram^ to tfee 

contaxniBg th^ sjfmtbetie TMB gene (Heefer ^1 M* * 
19§0, pnpxa) was u^ed as the BMA temj^iate im a 
l^olyBera^e chaiB reaction <B€E) tsisixig tfee following 
t^o olis<>^^^i^^*Me ptimmxB in ot4m to iaodifjr tbe S^ -- 
atid 3^- termmi of the ^jntbetic TM^ game. 



respective 

11m PCE reaction carried OMt 
well kmoMB to those of orditiaxy skill in 
(laais , H. A* > > editors ^ 
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Guide to HethoSs and AppiieatioBs, Academic 

Iiic . , S as Si ego CA) , me r emxlt ing FCE f tO(3Wct was 

tjien gei~purif led to yield ^ 



digested wittt 



c 



e:Km4t 5 ^-end of tl^e TAF CQd lag seg and a 
sive BamSX eiid ob the 3^ --side tli^ traiaElatioB 
termination code 



L.jD>, 1991, Gene, lia, gg. 105 -111) eoi^taina a 

site at the B'-mi4 of tbe Kfstl pre--|>ro leader 
cod lag aeqiienee. pKH4--3B waa d igested mtH £ilil V 
made f Itielv-^ended by treatment witii ^4 BKA poijrmeraae, 
and then digested with Ig^iXX. resulting 



Xigated mth tfae af oremBi5.tioned Q>2 l^hg biiaBt-MaSX 
f ragmejxt to yield the vector pKH4-^3B/Ti^F. 

In separate transformation reactions , the 
yeast ^traims BJ1995 , JHllSS , and 119 were 
cotratisf oi:me<! with the wctors l^p^4-«GALlQp--yBI>I 
either pKH4-"'FAF or ^]KS4-3B/^^^ Cotratisf ormatits 
CDBtaisiing feoth plasmid^ were geleeted oxt ^ynthe 
mediijm lackitia both lencine ami tiracil and i^ola 
single coloaie^ i^ere restreak^d oa the aame mediti 
for eeleetion of olonai elates* ^hree st^ch clox^al 
is plates for each of the different 
cotransformatlons were inoculated into of 
modif ied SssLeii'" Media lacfeiag tiracil (SacLet^'^lJra^) 
containing 4% glts^eose in eoltnre ttifee^ . 1?he 
wre incBhated for 24 hottr^ at 30^C in a ti^^ue 

end of that t ime > 
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cells ware re cove red by cej^tr litigation axid 
resxis^pended in 5 mL of 55$:Lex3;^IJra^ msdiim cpntaiiiiBg 
4X galaetoae* The te^isl^ting c^Xttare^ w^re inctitoated 
at 39*G for mi additional 48 Jiot^t^. Cells are tJien 
removed hj cenfcrifugatioii and clarifie^d media ^aisples 
e^^li^ated f or tJie le^el^ pf secreted I;AP fey SCX-^^HFLC 
ox Factor 3£a inhibition assay (Wassmax^ ^ * 1990, 
SMpra) ^ an altexnati^e approach: ^ the racombinaiit 

yeaat c#li0 axe gxown for 2^ hours kt 23*C ^ induced 
fey addition of galactose to 411 final concent rat ion, 
aM then incubated for an additionai five days at 
23 ^C> Claxifiad madia Eaisj^l^s are then eyalntated 
for the ievel^ of secreted as deaoribed above* 
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<i) AgfXICMT? Ellis, Eonald 
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Fre^dtesaxi j Robert 

Cii) Tim^E OF I^ISM^IOHt Method for Xncr<easmg Secretion of 

(iii) M«M|EE OF mmmmEBt Zl 

(A) i^DimESSEE: l^erck & Co.^ Xric- 
<B) STElETs I'.O* BoK 2000 
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(2 ) mmmiM:im for seq w mo t i t 



(B) TXPE s amix^o acid 
CD) tommmti IM^Bt 



Cii) MOLEOIllE Tl¥Et pep t Me 



IB 



Xrp eye GX^ Bi^^ Oys I^s 



5 



C2) IHFOim^TJON FOB BEQ ID miZ^ 



15 



CD) !E0POi*0a¥5 linear 



(ii ) JfOLECllLE i:*81t peptide 



His ABp Qln I#eu 
1 
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(E) jKFOBmtlSH FOE SEQ IB M0?3 



(B) fTBE? asviino acid 
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Cii) MOLEOllIiEI tWEs: peptide 



81 



flrf^ Cjrs Qlj fro Qj& Lys 
1 5 



11) SEQUENCE CHAEASTERISTICfS 

iA) mMmMi 10 amino acids 
(B) mtoo acid 

Cl>) i:OFQX,OQf s linear 



Bh« Ty^ Mm f ro Trp Oys Qly His Oys I^s 
(£) IHFOi^M^TIOK FOE BBQ ID J?Q?St 

20 C0l SimM>E31^BiS ? single 



25 



mmmmm mmm<m:Q Q^mmmm 



(i) SEQllH^CE C^mEAOTEEiSTieS 
(A) LEHG!rE5 26 base 
30 (B) T¥FE^ Bueieic acid 

(€) Smj^BEIMESS r single 



Cxi) SEQUEI^CE DESC^I^^TIQH? SSQ ID MO? 6? 

(A) LENGTH; 26 base pairs 

(B) XXFEr t^ucl^ 1^5 acid 

CD) TDFOLQCYt linear 
(11) I^OLE€ULE XtPE: cm& 



(2) IKfOR^mTIOK? FOE SEQ IB 

(1} SEQHEH^E CBAEAeTEEXSiriCSt 
(A) LBMOISI^: 15 base flairs 

CD) I^QFOLQC^fs lixiear 
(ii) ^OtEOPLE X¥fE5 



(2) mw^mm:im foe seq id i^os^s 

Ci) BEQUEWOE 0HARAaf EElSTIOBs 
(A) j IS base |?air^ 

(1) iri^Flt ^suelete acid 

(0) STRAHmmiESSt single 
(tt) i:^)BOLO0Y? linear 

(ii) MOLEOtlLE TOE^ dim 




wmmmm GAAm is 

(a) IMFDEtmXIC?^ FOE SEQ ID Kp ?XOs 

(A) LEHOTEr 73 b^^e pairs 

(B) 'BfFEs tiueleic acid 
(d) sm&M)SIMESS? single 



^CGSGaC<3aX CXQSfQTOCC TGCCQI^q^^C CGCOOfQStQ 

Ct) IMFOSMAf icaa FOE SEQ ID mtllt 

(i) SEQBE^ imMO^EEXSXXGSs 
(a) LENGTH: 73 fease pairs 

CD) TOFOI^e^t lii3t^ar 
(115 MOXJSCOLE :iTf E; cim 



■y ■ 

TQmQQQQQT QQQQQmmO mQQQQQQAQ OmmOM^QO 0OaSQSeAaCI 
ATTXIQTTXT QTa 



(I) SEQUEHCE CMMCTERiSTlCS? 

(A) Ua^^TS t 88 bas^ pairs 

(B) TI^PEs nucleic aei^ 
(0) STMH0EDHESS J single 
(B) TaFai.oaYi linear 



B4 r 



oaxQCACMA jmMM:mm qxtxt^tscs aa^r^oGaf ee TQmAmQ%v axcc€i:^a;a so 



m 
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(A) L^QTHS 8S ba^a p^ia?^ 

(B) TTFE j xi^icleie acid 



IS 



CM ) MDLEGtJLE TXFE? cUM. 



TQmoQBc^m 0QQ0OMMe A(ma84<3<scG mcmohmQ moAmmms mQmcQQQA m 
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(0) TOFOLO0¥t Xixiear 



3^ OM^o^co'^eG AmmmQQ^ AmMm&Bm mmQmmk ^mmmAm oq&m&oo^G m 



iz) wsmBmmB for seq id ho s is ? 

(A) I^ENQTHt 95 base pairs 

(B) nucleic acid 
Ce) S^EAH0EBI^ESS^ single 
(D) fOBOI0a¥j linear 



MOoem^iO <m:mmTTQ m^ommmA ootttctqgt cmrooix^irTG 
GicesmTci^ ssciecxpTQ €Tj:gT£mm msmmmQ jqqtq 
iz) mw(>mmim foe seq ii> i^QtMs 

CA) L^Q^m^ 31 base pair^ 

CO) STEAW)EIi^ESS ? single 
<B) TO£^01*OQYs linear 



mTeq40MA A04M^1^6M aXlirXCm^T IS 
C2) IMFCSm^ION FOE SEQ IB mQxlJt 

(B) TfBEs ntielexc acid 
Cl)) XOFQLp^Sy ? linear 



ocA0Cii.Qe^Q mMHTimt TTWTtwm ^ 

C2) IHFOBmTiem FOR SIQ ID KO^iSt 

(A) 1:ENC5TE: 51 base pairs 
|B) 5!XFE? nueieie acid 
(0) STMieEX^ESS t ^itigle 

(B) TQEDLOG^'? linear 



(A) XEHGlHs 34 base pair^ 
CO.]^' SXHj^J?I5HO!N3'SS 5 iS>'3i. jig Ij^ 



mmaoAxcc TrnxGAXA^G oai^GSAim scxx 

C2) PfFOiMAIJIOfI FOE SEQ W M^tiZQi 

(A) L^QTH ? base paire 

(B) TTBEi xmclme acid 
(G) STMHDEIMEPS5 siSjagl^ 



C2) imoBmxim foe seq xd mt zii 

(i) SEQUEM0E CHAMOTEElSflOS? 
(A) I^EHOXa^ 33 ba^s$ paij:^ 

CO STRAMDEmiESS? jingle 
(D) TQJ^01>Oa¥2 linear 

(11) tfFE? clBI^ 



(5£l) BE<p]^CE MSG&ISm<B?s BEq m mtzi 

mrmMm^ a^ttoa&qot maM^sc&AG cm 
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mm IS : 



1 



A grocers fox: prodiici^s 4isuif Me-foo:txded 
r e c omb i nant p r ot a i iia , c omp r i s i mg ^ 

(a) 02£:pre3siBg reeombinarxt protein 

g^xxes encoding one or mora di sulfide 
l^onded j^roteins in t&e recombinant faost 



2, The, praceB^ accoirdiM to Claim 1, wberein the 
reogmbiaant Iiost producing the aiiiJ^yme protein 
di^i^If isomerase in step (a) contains one or more 
copies of a xecombinant expression casB^tte eaepdifig 
vmm nrbt^sin disnlf ida iBomem^e* 



3 > Tha process acooirdiBg 
esc^xas^ion oasa^ttes encoding 
i^osiieraae ar^ integrated ia 



o 



host cell genome V 



4. 



*fhe process according tc> Claim 2. wherein the 
expsesaion ca^aette^ encoding protein di^nif ida 
iaomerase are contaitied on atitonomonBly re^lieating 



S . The ptoc^BB according to Glaim 1 wberein the 
recos^feinaxst protein dianXf Ida iaomexasa ia ancodad by 
on a or more axpre^Bic^n ca^Bettes contained on one or 
more pla^midB , and the recombinant genes encoding one 
or more disnXf ide bonded proteina are contained on 
one or more pla^mida . 



wo 



The pxocesa according to Claim 1 wherein tl:x^ 

one or mor^ e^presBioB cassettes coBtaiue4 on one or 

more plaBmidE, and the 3;:e€:om1>iBaat gene^^^ eBCOdi^i: 

or more dist^lf ide bonded p rot a ins are intagrate^l into 



10 



1\ Tfae process according 
r ecD^fei nan t genes eticod iBg 
bonded proteins of step (fe) 
host cell g0Bome> 



to Glaim 1 whe^eia 
ox more disuXf ide 
e inteExated into the 



IS 



axpr^i^sion 
is^omerase 



proce^g aocording to Glaim 5 wherein the 
cassettes eBCodin| the protein iistsif ide 
the recombinant E^nes are oontaii^ied On 



20 



9. ^he process according to Claim 1 wherein 
recombinant host of atex> r e massmalian* 



. l!he process according to Claim 1 whei:e3,n 
recopJbii3Lant lioHt of step (a) ia yeast . 



lifhe proc^^^ acoprding to 
yea^t 1^ a atmin of species 
Saecharomycetaceae or Gry 



:>f; 



10 wherein 
taa:iiie0 



30 



12. The p^oce^s accpt:to^ Glam 11 where ii^ 
Yea^t is a species of the genns ga g gh gt r omy c ei 



t 



13 V Ibe proceed aceordin| to Claim 12 whexein 
yeast in g ac ^ ha r omyces fi^sreviEi^a. 



90 



Tbe process aDcor^ing to Claim 1 wfaereiB the 
recombinant gene of step (b) ai:iti stasia* 



5 



UliB process aeeording to Ciaim 1 
It gene of step Cl>> tick aBticogulant 



10 



1&> Tba proce^^ ac^^Ordit 
retombiaant protein dieulf i4€ 
protain disulfide isomer as 



to i^laim i ^mereis 
isomer a^^f 3?0a^t 



15 



X7v The proca^B according to Claim 1 
xecomfeinaBt f roteit^ di^^iif ide isom^mse is 
mapmaXiaii protein di^t^^lfide Isomer a^e* 



^fcar ein tfae 



a 



20 



25 



18 * 
rac 



The process accotding td C 
ide i^ometasjs* 



im 17 Alter a in 
er e i s 



19 , A grpeess f or p rod n c i ng a diSBlf ide bomd^d 
recomfeiiiiaTit proteimj. comprising > 

(a) prodiaaiBg racombitxapfc grpt^ixi disulf ide 
ieoisjeraaa in a reeombiBaBt yeaat liosfc cell 

(b) - e;^px:es^ing one ox mora rec' 
genes encoding one or more sec ret ad disttif ide bonded 
j^roteiB:^ XB tJ^e tecois;biBant liOSt> 



30 



the 'X^ 
iroteiB 



W. The pxocmB accarding 
bina^fc jjjrotein dis^talf i 
di sulf i d e omer aaa * 



Claim 19 wi>.^reia 
* iaomera^e is ^eaat 



21. Tl;ia proc^pp accor<iiiig: to Claim 19 wfeexBiii 
tba r e e omfo i Baxxfc o t e i n d i s nl f Ida i s omex a s e i a 
mammal iai^ protein diatilf ide isomeragB* 

22. Tkm process aceordiBg to Slaim 21 i^feereiti 
g X o t e i B d i s If i a om^ r a sf e > 

23. !rb.e process ^ccordixig to Claim 19^ tj^hereia 
the irecoiiibiBaat yaa^t Jiost prod^iciixg tlie enzyme 
protaia di B^ilf ide Isome^rase in step (a) contains ona 
oi^ more cpgies of a recomBinamt eiegreeaioii eaesette 
exic^odiBg protein diBiilf ide iBomeraB^ . 

24. Tbe process a<?co.rdiftg to Claim Z3 wiiereip 
tfe:^ e:EpreBEsion casfsettes encodixig protBixi di^t^lf ide 
i^omerase are integrated into the yeast feo^t cell 
geiiome • 

25. The px<^ceae accord iiig tixn Claim 23 wl^erein 
the e^cpresglon cassettes eBcodimg protaisi disulfide 
iBOp^ra^e ara; contained on atafeonoHJOusly replicating 
gla^mids < 

26 > The prc>ceB3 accord itig to Glaia 19 wfeereim 
tixe reeombinarit protein disxslfMe isomer aae is 
eacodei fey one ot more eKpresaiqn caesBttes conl:aiBed 
oil one or more plamid^ , and the recombirLant genes 
encoding tbe di^^jlf ide-isonded proteins are oontaiaed 
on one ot more plaemids> 



wo 93/2S«^6 



- 92 



%7 . llae gs^oca^ s aq cor d ing t o Cia m 19 wEex^^^ 
the expx^aaieoB oae^pttef et^codiBg the protein 
diauliride isomerase and tlie reacHBbinant genes are 
contained on the same plasmid* 



10 




30 *C f or escpress^ion 
proteins > 



Claim 19 Kbetein 



of one or more 



. me jgroces^ aeeording to Siais5 W ^m^xn 
e reeombina.^t yeast I? gro^ at a temper atnte 
betweeti apgroximateiy 2a*C to 26*C for escg^ireaaion of 
OBe or ssore disiilfide^&QBded proteto 



30 . llie process ac;oo?:ding to Ciaim x¥ wxiereixi 
% d i 013-1 f i^e-r bonded protein anfci^tasin. 



20 



proceed 
t e d i ^ui fid e- boBd e d 
protein* 



according to Claim 29 wherein 
protein i^ tick antieoagn: 



2S 



3^ 



^ > strain ot 



the yeast Mc^ll^x^l^ys^ 



e ^ r eo- 



> inaiit gi^ c 



36 



The straiix of yeast aecordiBg to Claim 32 
^er^in tfee recombinant protelB disulfide i^opexa^e 
IB Mman protein disni£i<3e i^oiterage. 



34. Wm strain of yeaat according to Claim 32 



^herein tlie reeombxaant :prDtein dis 
•is yeast protein Sis^nif ide isometae^ 
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i Yeast 2-rnlcron DNA 
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oc-Factor Pre- 
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APS^ Wfjrld P^fem M^dike, 




DOC UMENTS commmm to be eele v ant 



s^Mding of human pro-iirokis^ase dlonad md expx^ssecJ in 

pag^s l/SS'-nBS^* See entire article. 



dene, VoL lOS, Issoed 1991, Faiquhar m aL, ' 
iBDmemse is e^semiai tor viability m Sa^ghatromyces 



5f t 



89 , See tire ^ieie. 
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I Further <fead^me«ts are IssEtisd m th^a tso^^^si^iw of B<jjs O, | S«3& |j3isfsS: ti^mUy mmx. 
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ti«cs«nfim p«i>iisf^«<J stJte? ^ m^jsn^ifttj^^i (Wm^ iX^issr t>f priori 




I Nstf^^ii msilirig addf^ss x>f th« ISA/US 

Box Birr 

\Fn<mm^ m. NOT AP^UCABLE 





C (Con ^im^&tipri). mtCUUmm considered to be RHl^EVAOT 

.n.v^jwHL;-..jHMM^j>,^^ ■ ■ 





¥em> VgL 7, issued 1991, Schereris et aL, "DetermiRatiofi e.f the 
sequence of the yeast Y€L3 i3 pn® localised on chFomosome III. 
Homaiijgy wift the proiem disuifide isornerase (PISl gerje prodace) 
•othe;rorganisms% pages 185-193. See entire afticie. 



[ examples 2 and 3 especially. 



1-34 



See 



The EMBO JourM, Yoi. 6, Ho. 3, Pihlajasiemi UM. , 
"Moiecaiar cionmg of the beta-subBmt of human prolyr 4- 
i hydroxylase. The «ub«nil; and pmtein disijlphide isomerase 
'products of the pages 643-649. See the Ab; 

page 643 especially > 
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^ Vol. IS, issued 1989, Han et al, ^'Clomng ar^d exp^ssion j 14,^ 30 




47 and SS esfg^iaiiv 



The Journal of Biological Chemistxy, Vol* 265, 
* October 1990^ deeper et ai,, ^Cha^cterixation of reoombiimnt 
tick aoticoagulam peptide: 4 hlghiy selective inhiljltor of blooc 
C4>af ulatlpft factor Xa" , pages 17746-17752. See pages 17746 and 
17751 especially ► 
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